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Abstract 
Big Glory bay is a semi-enclosed bay located in the south-east of Paterson Inlet, 
Stewart Island. The bay has been used for commercial sea cage rearing of chinook salmon 
( Oncorhynchus tshawytscha Walbaum) since 1981 and long-line culture of green-lipped 
mussels (Perna canaliculus) since 1987. Extensive aquaculture expansion within the bay has 
placed considerable demand on the allocation of resources. The understanding of this 
ecosystem is required in order to facilitate effective environmental management. This study 
investigated the exchange of nutrients between Big Glory Bay, Paterson Inlet and the adjacent 
coastal water. A build-up of nutrients in the bay may induce the development of eutrophic 
conditions and increase the probability of the occurance of algal blooms. Conversely, a lack of 
nutrients in the water column could impede mussel growth. 
Temperature, salinity, density, current velocity and nutrient levels were measured in 
the entrance of Big Glory Bay to determine the exchange of nutrients for the bay during well 
mixed (2 to 4 September 1996) and stratified (3 to 6 February 1997) conditions. Water currents 
in the entrance of the bay were affected by a strong baroclinic flow during September 1996. A 
mechanism for the intrusion of adjacent coastal water into the bay was documented. This 
mechanism was dependent upon the occurrence of strong wind events. During September 1996 
the oceanic intrusion was high in dissolved reactive phosphate (DRP) and lower in nitrite, total 
phosphate (TP) and total nitrogen (TN) compared to levels in Big Glory Bay. During February 
1997 the intruding water was characterised by high levels of nitrate. All nutrient species 
exhibited a net export from Big Glory Bay during well mixed and stratified conditions. 
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Chapter 1 Introduction 
Chapter I: Introduction 
The marine farming industry is firmly established in Southland in lcrirn, of the scale of 
operation:, and the contribution to the local economy (Hovell 1991 ), but presently confined to 
Big Glory Bay. Ste\vart Island (New Zealand). Environmental management and monitoring is 
paramount to the success of this industry and is an integral part of legislative requirements. As 
a consequence, Big Glory Bay is one of the most extensively studied bays in New Zealand. 
\Vith the presence of both salmon and mussel fanning in Big Glory Bay, the combined 
environmental effects of both cultures need to be understood to maintain their compatibility. 
1.1 Salmon farming practice and environmental impact 
The practice of culturing salmon in the manne environment usually reqmres large 
floating cages which are anchored in place by moorings. Other infrastructure attached to the 
cages may include for example, employee accommodation, and storage space for equipment 
and salmon food. The salmon are contained within the cages and are fed pelletised fish food 
either by hand or using an automated feeding device. 
Prior to the introduction of the Resource Management Act in 1991 (RMA), the 
establishment of marine farms \Vas legalised through obtaining permits and licenses under the 
:'viarine Farming Act 1971, Harbours Act 1950 and the Water and Soil Conservation Act 1967. 
Continuance of existing leases and licenses was maintained under the RMA. New licenses for a 
marine farm site require obtaining at least a coastal pennit and depending on the proposed 
actiYity. other resource consents may also be required. A resource rental must be paid to the 
appropriate regional council for the occupation of the site. 
Sea-cage farming of salmon is an intensive mono-culture (farm growmg a single 
species), where resources are put into the production site and waste food, faeces and metabolic 
products are released into the environment in a concentrated form. This process can be 
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described as a throughput system (Folkc et cil. 1994) and creates a point source of pollution and 
an area or environmental degradation. Fish farm wastes include organic carbon and organic 
n ( carbohydrate, lipid and protein), ammonmm. urea, bicarbonate, phosphate, 
ins. therapeutants, and pigments (Gowen and Bradbury 1987). The wastes are either a 
component of fish food or a by-product of fish metabolism. These wastes affect the water 
column and benthos in a specific way at each farm site as a resull of the complex interactions of 
physical, chemical and biological processes (Findlay et al. 1995). 
The benthos under and around the sea cages is affected by the deposition of uneaten 
food and faeces (Fig. 1.1). This accumulation can lead to conditions where oxygen is 
consumed through the bacterial decomposition of organic matter (Kaspar et al. 1988). The 
sediments are considered to be metabolically very active and rapidly exchange nutrients and 
gases (Kaspar et al. 1988: Holmer and Kristensen 1992). 
The immediate source of oxygen for the process of sediment decomposition is from the 
overlying water column. This consumption of oxygen can potentially reach the level where 
depletion occurs in the water column \Vithin salmon cages, causing fish to die from anoxia 
(Rutherford et al. 1988). In the absence of oxygen, anaerobic processes predominate and the 
sediment becomes reducing. This can be assessed by measuring the redox potential of 
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Figure 1.1: Diagrammatic representation of the likely environmental impact of cage rearing of 
salmon (Gillespie and MacKenzie 1982). 
the sediment and results in the production of ammomum, hydrogen sulfide and methane 
( Go\ven and Bradbury 1987; Samuelsen et al. 1988). Of the gases emitted from the sediments 
beneath salmon farms listed in Table 1.1, only hydrogen sulfide is toxic to fish and this gas has 
been linked to gill damage (Woodward 1989). Methanogenesis is important in sediments with 
high sedimentation rates and sulfate depletion in the upper organic rich layers (Martens and 
Klump 1984). Methane is not harmful to fish but the bubbles provide a potential mechanism 
for carrying pathogens from the benthos to the fish stock (Gowen and Bradbury 1987; 
Rutherford et al. 1988). 
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Table 1.1: Composition of gas rising from sea bed beneath salmon cages in Big Glory Bay, 
Stewart Island (Gillespie and MacKenzie 1982). 







Microbial. meiobenthic and macrobenthic communities under and close to salmon farms 
are also affected (Thrush 1986; Brown et al. 1987; Roper et al. 1988; Johannessen et al. 
1994; Findlay et al. 1995; Duplisea and Hargrave 1996) and often show a shift towards 
communities associated with organic enrichment, with sometimes no change in faunal biomass. 
An azoic zone, which is devoid of macrobenthic organisms, is often found directly beneath the 
cages (Gillespie and MacKenzie 1982; Brown et al. 1987; Wu 1995), which is probably due 
to the high sedimentation rates. 
Up to 25% of the total feed input is uneaten by the salmon and passes through the water 
column to the benthos, unaltered in composition (Gowen and Bradbury 1987; Pridmore and 
Rutherford 1990). Large schools of spotties Notolabrus celidotus (Bloch and Schneider 1801) 
haYe been observed feeding on this sinking material under the cages (Gillespie and MacKenzie 
1982). The amount of this food eaten by wild species has never been quantified but it is clear 
that this consumption could substantially reduce the amount of organic material reaching the sea 
bed (Gowen and Bradbury 1987; Holby and Hall 1991 ). 
The water column is affected through the release of dissolved organic material into the 
water column (Fig. 1.1). The nutrients are derived from fish metabolism and feed leachates 
(Roper et al. 1988b; Woodward 1989), and contain nitrogen (N) and phosphorus (P) in the 
4 
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approximate ratio 7: I by weight. This ratio is similar lo the N:P ratio in marine organic matter, 
which is to as the Redfield ratio (Redfield 1958). These nutrients arc well balanced 
with to the needs of phytoplankton and arc released directly into the euphotic zone (Aure 
:mcl Stigebranclt 1990). Plankton communities arc sensitive to environmental change. As a 
consequence competitive advantages clue to changes in the N:P ratio or light intensities (Chang 
Page 1995), can result in alterations in species composition and biomass, and may even 
lead to micro-algal blooms. 
Escaped farmed salmon can create problems for natural salmon populations, and may 
infest these populations and alter their genetics (Folk:e et al. 1994; Levings 1994). Populations 
of salmon do not naturally occur on Stewart Island but escape incidents have occurred from the 
Big Glory Bay farms. Salmon have been seen entering streams in Big Glory Bay and Paterson 
f nlet (Turnbull and Brash 1993). This could have a significant impact on native fish 
populations, which could be of significance to the pristine catchments in the area. 
1.2 .Mussel farming practice and environmental impact 
As in other parts of New Zealand, Big Glory Bay mussels are cultured using a long-
line method originally developed in Japan (Hayden 1995). Each long-line consists of two 
parallel headline ropes ( or backbones) between which large plastic floats are tied for buoyancy. 
Attached to the backbone are the culture ropes, which are 5 to 15 111 long from which the 
mussels are attached (Fig. 1.2). The spat supply for Big Glory Bay farms is predominantly 













Figure 1.2: Diagrammatic representation of the likely impact of long-line mussel culture on 
benthic and pelagic environments. 
establishment of mussel farms is similar to the process previously described for salmon farms. 
Mussel fanning has been shown to inflict a variety of impacts on the manne 
e1wironment. Benthic filter-feeding fauna such as mussels, feed on phytoplankton and parallel 
with this uptake, nitrogen is released in the form of ammonium species which can act as a 
nutrient. This suggests that the shellfish reduce the phytoplankton standing stock and promote 
primary production at the same time (Kaspar et al. 1985; Asmus and Asmus 1991; Hatcher et 
a!. 1994). This enables mussel beds to act as a natural control of eutrophication (Officer et al. 
1982). Faeces and pseudo-faeces can build up under suspended mussel cultures (Dahlback and 
Gunnarsson 1981; Tenore et al. 1982), but the environmental impacts and sedimentation rates 
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arc dramatic than those associated vvith fin fish culture (Hatcher et al. 1994; Baudinet et of. 
l 900). The sediment that deposits beneath the mussel cultures has a high inorganic nitrogen 
content !Kaspar et al. 1985; Hatcher et al. 1994) and due to the high sedimentation rate 
(Dahlb2ick and Cunnarsson 1981: Tenore et al. 1982) may lead to the burial of nitrogen 
I Kaspar et al. I 985). 
The bcnthic communities beneath the mussel farms are affected by a build-up of live 
mussels and shell material (Kaspar et al. 1985). This build-up of material provides attachment 
sites for large epibiota including tunicates, sponges and calcareous polychaetes. Epibenthic 
predators may also be present. A decreased infaunal assemblage has been attributed to the high 
sedimentation rate (Kaspar et al. 1985: Johannessen et al. 1994). 
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I .3 Physical characteristics of Big Glory Bay 
Ste\vart Island is located south of the South Island of New Zealand (Fig. 1.3). Big 
Glory Bay is a semi-enclosed bay in the south-east of Paterson Inlet, Stewart Island. The 
N 
V 
. .. . Invercargill ... · :.e . 
. .... ::::: 
. ·: :·:·· : :., ... : .. . 
Stewart Island 
Paterson Inlet 
0 20 40 60 
Big Glory Bay 
Scale (Kilometres) 
Figure 1.3: Map of Stewart Island showing location of Paterson Inlet and Big Glory Bay. 
Insert showing location of Stewart Island in relation to South Island, New Zealand. 
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:lrea ()r the bav is 11.9 kn/ with an average depth of 16 metres. There is a low inflow of fresh 
water (Table 1.2) and salinity ranges from 33.6 to 33.9 psu (practical salinity units) and is 
throughout much of the bay. The water column is characteristically well-mixed during 
the wi ntcr and thermally stratified during the summer months. The tidal prism of Big Glory 
Bay is about 10c1c; of the mid-tide rnlume (Table 1.2). 
Table 1.2: Physical characteristics of Big Glory Bay (from Pridmore and Rutherford 1992). 
Surface area 
Volume al mid-Lide 
Tidal range 
Tidal prism 
Catchment area (including bay) 
\kan rainfall at Oban 
Estimated mean e\·aporaLion 

















The physical characteristics of Big Glory Bay have been reported by Pridmore and 
Rutherford ( 1990) and Pridmore and Rutherford ( 1992) which were based on current meters 
moored at 5 m and 12 m in 31 m of water in the entrance of Big Glory Bay over a two week 
period. Tides were semi diurnal, with a mean spring tidal range of 1.95 m and a mean neap 
tidal range of 1.34 m (Table 1.2). Tidal currents are weak with maximum speeds not exceeding 
20 cm/sec. Flushing \Vas dominated by the bi-directional tidal flow but strongly influenced by 
wind events. The mean residence time for the bay is about 5 clays (10 tidal cycles). The 
estimated flushing time varied from 10 to 14 days under light winds, to 5 clays under strong 
winds. 
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Drogue studies undertaken during light winds have shown that the tidal excursion near 
the entrance of the bay is about 2 km. This would suggest that very little of the water which 
leaves Big Glory Bay on the ebb tide escapes past Groper Island (see Figure 2.1). 
1.3 History of aquaculture in Big Glory Bay 
Big Glory Bay has been used for the sea-cage culture of chinook salmon 
(Oncorhynchus tshawytscha Walbaum) since 1981 and long line culture of green-lipped 
mussels (Perna canaliculus) since 1987. Two algal blooms have been recorded in the short 
commercial history of Big Glory Bay. The first recorded bloom occurred in January 1989 
which followed a prolonged period of calm weather. Due to significantly elevated populations 
of the phytoplankton Heterosigma akashiwo Hada, fish deaths totalled 600 tonnes (Boustead 
et al. 1989; MacKenzie 1991) resulting in a total loss estimated to be NZ$ l 7 million ( Chang et 
al. 1990). The cause of death was through impainnent of the respiratory and osmoregulatory 
function of gills (Chang et al. 1990). During this bloom, cages were moved out of Big Glory 
Bay to a refuge site near the entrance of Paterson Inlet. After this bloom the number of 
companies farming salmon in the bay decreased from 5 to 3 (Turnbull and Brash 1993). The 
second occurrence of an algal bloom was in November 1992 and involved the flagellate 
Emiliania huxleyi (Pearce and Peake 1993; Rhodes et al. 1995). Since the 1989 Heterosigma 
bloom, the salmon industry has carried out a plankton watch programme which has noted 
several blooms of Mesodiniuni (Turnbull and Brash 1993). 
Salmon farm production in the bay is presently about 2400 tonnes, but may decrease 
significantly due to the withdrawal of Regal Salmon in April 1996. Regal Salmon was one of 
the two main companies operating in the bay. This company produced about 1000 tonnes of 
salmon per year. Mussel farming in the bay is increasing in intensity with the development of 
more farm sites. This can be seen in Figures 1.4 A and B. These maps compare the number of 
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Figure 1.4: The number and approximate position of salmon and mussel farms in Big Glory 
Bay in (A) July 1995 and (B) February 1997. Size of farms not to scale; 10 and 20 
m isobaths are shown. 
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rarn1s has more than doubled during this l 8 month period. The number of salmon farms has 
cl uring this time. 
1.4 Nutrient input 
In most coastal and estuarine systems phosphorus does not limit primary production, 
but the role of phosphorus in these areas is still important to understand (Holby and Hall 1991). 
Benthic phosphorus regeneration is an important factor in eutrophication processes of shallow 
\\'ater systems (Van Raaphorst et ell. 1988: Sundby et al. 1992) and knowledge of these 
processes is needed to effectively protect coastal waters against eutrophication (Mesnage and 
Picot 1995). Nitrogen has been identified as the limiting factor in phytoplankton production in 
Big Glory Bay from Yarious studies (Roper et al. 1988; Rutherford et al. 1988; Pridmore and 
Rutherford 1990: Pridmore and Rutherford 1992), so research has not been focused on the 
role of phosphate. 
The flux of nitrogen through a salmon farm flows the pathways shown by Figure 1. 5. 
Approximately 75C/c of the total nitrogen load from cage farms is in the dissolved form and most 





















Figure 1.5: Flux of nitrogen (N) through a salmon farm (from Gowen and Bradbury 1987; 
Pridmore and Rutherford 1992). 
Both species of nitrogen are utilised by phytoplankton for growth (Gowen and Bradbury 
1987). 
Other sources of nitrogen to the bay include bottom sediment, catchment run-off, 
rainfall. and water exchange with Paterson Inlet. Estimates of the nitrogen input are given in 
Table 1.3 and for 1988 estimates are based on 1000 tonnes of fish production. A linear 
relationship between fish production and nitrogen output was assumed to calculate 1993-4 
figures for an estimated 2400 tonnes of fish production. 
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Table l.3: Summary of nitrogen inputs to Big Glory Bay (from Pridmore and Rutherford 
1992). 
1988 I 993-4 
(t/ycar) (t/year) 
Fish production 1000 2400 
."-Jitrogcn Sources 
Rainfall 4.5 4.5 
Catchment run-off 4.0 4.0 




Total 143 333.5 
In general sediment fluxes are very low beneath mussel farms; 88% of N and 95% of P 
111 farm deposits will accumulate in the sediment and become biologically unavailable (Wu 
1995). Phosphorus can be recycled to the water column by desorption and biological 
processes. but the release becomes insignificant when the deposit is greater than 7 cm thick 
(Wu 1995). Nitrogen mineralisation mainly occurs in oxic surface sediments, with the rate 
being very slow in deposits underneath farms where the sediment is normally anaerobic and 
without bioturbation and epifaunal reworking. Kaspar et al. (1988) failed to detect in-situ 
nitrification in sediment directly under a salmon farm in Kenepuru Sound, Marlborough 
Sounds. 
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1.5 Physicochemical relationships between Big Glory Bay and Paterson Inlet 
Nitrogen concentrations in Big Glory Bay have been estimated to be about 30% higher 
than in Paterson Inlet (Pridmore and Rutherford 1992). This can be attributed to salmon farm 
inputs. There is a high spatial distribution of nitrogen in the bay (Pridmore and Rutherford 
1990; Pridmore and Rutherford 1992). Seasonal changes in available nitrogen (ammonia, 
nitrate and urea) are also evident (Fig. 1.6). Big Glory Bay is characterised by greater monthly 
variability of available nitrogen and exhibits consistently higher available nitrogen 











Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
1993 1994 
Figure 1.6: Available nitrogen (ammonia, nitrate and urea) concentrations in Big Glory Bay 
(BGB) and Paterson Inlet (PI) from 30 July 1993 to 5 July 1994. All units are mg 
m-3 (unpublished data from Pridmore 1995). 
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mean hydraulic residence time of 5 days (Pridmore and Rutherford 1992). Nitrogen 
originating from Big Glory Bay would therefore not accumulate in Paterson Inlet and this 
would suggest the presence of a concentration gradient between Big Glory Bay and the entrance 
to Paterson Inlet (Pridmore and Rutherford 1990). This in turn could affect the flux of nitrogen 
from the bay. Such a situation was recorded in January 1989, with a 36% difference in 
nitrogen concentration measured between Paterson Inlet and Big Glory Bay (Pridmore and 
Rutherford 1992). 
With mussels being cultivated in a pelagic situation, knowledge of water movement 
would be helpful for mussel farm placement in Big Glory Bay. Phytoplankton, the major food 
source for mussels are transported by water movement and it is therefore also important to 
understand the effect of mussel cultures on circulation patterns. Through the restriction of 
water movement in parts of the bay, residence times in Big Glory Bay may be extended 
without careful placement of mussel farms. 
1.6 Exchange/ Nitrogen budget 
The Big Glory Bay Working Group favoured restricting nitrogen input into the bay 
rather than imposing a limit on total salmon production (MAF Fisheries South 1992). A 
nitrogen /phytoplankton production model for Big Glory Bay was constructed to estimate the 
quantity of commercial salmon feed that could be used in the bay based on phytoplankton 
biomass and growth rates (Pridmore and Rutherford 1990; Pridmore and Rutherford 1992) and 
this model showed that the total amount of salmon feed that can be used in the bay is 6800 t yr-
I . The model was based on flushing from the tidal prism or barotrophic tidal exchange 
(velocities are depth dependent) and neglects baroclinic exchange (horizontal density gradients) 
which has not been quantified. 
Feed composition can be altered to reduce nutrient inputs but may also result in reduced 
fish production (Falke et al. 1994). If the percentage ratio of nitrogen to fats and carbohydrate 
16 
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111 diet were reduced, the tonnage of feed that can be used in the bay would be adjusted. 
Tout! nitrogen input or 483 tonnes per annum is clivicled among the operators via an inter-
industry agreement (Anthony Brett pcrs. comm. 1997). The restriction of nitrogen input may 
encourage greater efficiency through the more efficient use of feed. The effect of mussel 
farming on the nitrogen budget has been added to this model (Pridmore and Rutherford 1992) 
\Yith the addition of 0.52t N per hectare of mussel farming (100 t mussels equates to 
approximately 0.52 tonnes annual nitrogen input). This relationship has not been established 
by monitoring or modelling, but is considered to produce the best current estimates for 
management purposes (Anthony Brett pers. comm. 1997). The potential annual nitrogen input 
from marine farming in Big Glory Bay has therefore increased to 560 tonnes which is made up 
of three components: the nitrogen input from existing salmon farming of 483 t per year; the 
potential nitrogen input of 25 tonnes if existing mussel sites in the bay were fully developed and 
the remainder of 52 tonnes \vhich is available for current and future applications for filter 
feeding species such as mussels. 
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1.7 Aims 
l3 Glory Bay has progressed towards a semi-integrated aquacultural environment with 
the culture or both salmon and mussels. This unique situation allows an increase in cultivated 
mussel production due to the elevated levels of primary production compounded by salmon 
form feed inputs into the bay. Continued use of the bay requires that nutrient levels and the 
resulting elevated primary production generated by the cultivated species are kept below a 
threshold that would otherwise result in the degradation of the marine farming environment. 
This requires effectiw modelling of currents in the bay. 
The objective of the present study was to determine the role of baroclinic and 
barotrophic flow of water in the exchange of nutrients during well-mixed and stratified 
conditions. This objective involved: 
0 quantifying the differences of the total amount of nutrients exchanged during well-
mixed and stratified conditions; 
0 determining the relative importance between baroclinic and barotrophic exchange; 
0 characterisation of the associated bodies of water, including Paterson Inlet and the 
adjacent coastal \Vater (ACW), which may influence the behaviour of water exchange and 
nutrient levels in Big Glory Bay. 
18 
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Chapter 2: Observational Strategy 
Two surveys were conducted during 2 to 4 September 1996 and 3 to 6 February 1997. 
2.1 Instrumentation and water collection for temporal sampling 
Variation in salinity, temperature, nutrient levels and current velocity was measured 
over a tidal cycle on two occasions; 2 to 4 September 1996 and 3 to 6 February 1997. 
Two InterOcean Systems Incorporated S4 current meters were deployed on the two 
separate occasions in the entrance of Big Glory Bay (Fig 2.1). During tli,e first deployment, 
from 2 to 4 September 1996, the current meters were moored at a depth of 10 m, in 16 m of 
water at Sites A and B (Fig. 2.1). The second current meter deployment from 3 to 6 February 
1997 was at Site D with both meters attached to a single mooring. This mooring, located in 30 
m of water, consisted of a current meter deployed at 4 m above the seabed and was attached to 
one of the seabed anchors which kept the mooring in place. A surface current meter was 
deployed at 2 m belO\v the surface by suspending it from a surface raft. 
Conductivity, temperature and depth (CTD) measurements were made usmg a 
SEACAT SBE-19 CTD profiler, manufactured by Seabird Electronics Inc., Washington, 
USA. The profiler was mounted on a General Oceanics rosette sampler and deployed from the 
RV Munida. Calibration of the CTD was conducted using samples collected off the Otago 
Coast and indicated an error of the order of 0.029 psu (Parsons, M. UnpublishedData, 
Department of Marine Science, University of Otago). 
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Figure 2.1: Map showing sites for equipment in the entrance of Big Glory Bay during the 
periods 2 to 4 September 1996 and 3 to 6 February 1997 (A, B and D = sites of 
current meter deployment; C = site for anchoring of research vessel and use of ADCP 
and CTD). 
During temporal sampling, the CTD profiler was deployed in the centre of the entrance 
to Big Glory Bay at Site C (Fig. 2.1). Profiles of conductivity and temperature were measured 
every half an hour for 25 hours, beginning at 08:00 hours on 3 September 1996 and at 18:30 
hours on 5 February 1997. Real time CTD data was recorded and displayed using the on-board 
computer. This data was clmvnloaded at a later stage and processed using the Seasoft software 
(Appendix A). 
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Filtered and unfiltered water samples were collected for every five melres of water 
clcpth. These water samples were subsequently analysed using lhe methods described 
later in thi:i chapter. The 13 hour period that water samples were collected during the temporal 
sampling corresponded to the first half of the September 1996 sampling sequence and the 
second half of the February 1997 sampling sequence. 
A 615 kHz, four beam Broadband Acoustic Doppler Current Profiler (ADCP), 
manufactured by RD Instruments, San Diego, USA, ,vas also used for the present study. An 
ADCP emits high-frequency bursts of sound into the water column which bounce off particles. 
The sound returns as echoes and provides measurements of the direction and velocity of water 
currents. The ADCP ,vas attached to RV Munida by a frame which encases the instrument. 
This instrument was only used from 3 to 4 September 1996 while the vessel was anchored at 
Site C (Fig. 2.1). The ADCP averaged one ping per second for 10 minutes over a one metre 
depth bin. 
2.2 Instrumentation and water collection for spatial sampling 
A spatial survey of Big Glory Bay conducted on the 4 September 1996 involved data 
collection from 17 stations (Fig. 2.2). At each station depth profiles of conductivity, 
temperature and density were collected along with filtered ,vater samples from the surface and at 
5 metres above the seabed. The 17 sites surveyed in Big Glory Bay were subdivided into four 
groups based on their location: Paterson Inlet (PI; Stations 1 and 2), outer Big Glory Bay 
(Outer: Stations 3 to 7), mid section of Big Glory Bay (Mid; Stations 8 to 14) and the upper 
section of the bay (Upper: Stations 15 to 17). 
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Figure 2.2: Map showing the 17 station sites used for the spatial survey of Big Glory Bay 
conducted on 4 September 1996. Lines indicate separation between Paterson Inlet and 
the outer, mid and upper station sites of Big Glory Bay. 
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A spatial survey of Paterson Inlet was conducted from 3 to 4 February 1997 and 
involved data collection from 13 stations (Fig. 2.3). At each station depth profiles of 
conductivity, temperature and density were collected along with filtered and unfiltered water 
samples for every five metres of water column depth. In this study, Paterson inlet was divided 
into three areas: Upper Paterson Inlet (Upper; Stations 1 to 3, 10 and 11); Mid section of 
Paterson Inlet (Mid; Stations 7 to 9 and 12); and Outer section of Paterson Inlet (Outer; 
Stations 4 to 6 and 13). 
During the February 1997 survey, a transect involving 13 stations was conducted on 4 
February 1997 (Fig. 2.3), beginning in the adjacent coastal waters (ACW) of Paterson Inlet 
(ACW; Stations 1 to 3), proceeding through part of Paterson Inlet (PI; Stations 4 to 7) and 
finally ending within Big Glory Bay (BGB; Stations 8 to 13). At each station, depth profiles 
of conductivity, temperature and density were collected along with filtered and unfiltered water 
samples for every five metres of water column depth. These water samples were subsequently 
analysed using the methods described later in this chapter. 
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Figure 2.3: Map showing the location of station sites for a 
transect beginning in coastal waters adjacent to 
Paterson Inlet and ending in Big Glory Bay(•) and 
a spatial survey of Paterson Inlet (x). Surveys 
were conducted from 3 to 4 February, 1997. 10, 
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2.3 Nutrient sample collection 
Water samples were collected every 1/2 hour for the duration of the tidal cycle. Surface 
water samples were collected using a plastic bucket deployed over the side of the vessel. Sub-
surface water samples were collected using eight, 5 litre GO-FLO bottles attached to a twelve 
bottle General Oceanics (TM) rosette sampler. The rosette sampler is of stainless steel 
construction and was connected to a steel hydro-wire which enabled the bottles to be 
electronically triggered from a deck control unit. The CTD profiler was also attached to this 
rosette sampler. 
Water samples were collected on the upward cast at five metre depth intervals. Upon 
the return of the sampling rosette to the surface, water was drawn off into labelled 5 litre PVC 
containers for temporary storage. Approximately 100 ml of water from each sample was 
filtered for nutrient analysis using Whatman GF/C filter paper (pore size - 0.45 mm) and a 
vacuum provided by a special on-board ceramic filtration unit powered by a small electric 
vacuum pump. Acid-cleaned 100 ml polyethylene sample bottles were rinsed with a small 
portion of the filtered sample water before collection of the remainder of filtered sample and 
then capped. Unfiltered water samples were also collected and stored in acid-cleaned 
polyethylene bottles. 
Acid washing of the polyethylene bottles involved soaking them for a minimum of 24 
hours in 12% HCl, followed by rinsing three times with distilled water. Bottles were then 
dried, capped and stored in large plastic bags until use. 
All nutrient samples were immediately stored at -5 °C in freezers onboard the research 
vessel to adequately preserve them for subsequent laboratory analysis. 
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2.4 Nutrient analysis 
Nmrient analysis was undertaken using a ChemLab System 4 segmented flow auto-
analyser. The minimum volume required for nutrient analysis (N03 , N02 and dissolved 
reactive phosphate (DRP)) was 4 ml of filtered seawater. Total oxidised phosphate (TP) and 
Lotal oxidised nitrogen (TN) analysis require a minimum of 8 ml of unfiltered seawater. Nitrite 
and ammonia were first determined simultaneously, followed by phosphate and then nitrite. 
(a) Nitrate-N and nitrite-N 
>Jitrate-N and nitrite-N were analysed using a cadmium reduction method based on 
methods described by Eaton et al. (1995). Samples and standards are passed through a column 
of granulated cadmium to reduce nitrate to nitrite. The nitrate is reduced quantitatively to nitrite 
in the presence of cadmium. The nitrite originally present plus the reduced nitrite is then reacted 
with sulfanilamide to form a diazonium salt which couples with N-(1-naphthyl)-
ethylenediamine dihydrochloride to give an azo dye (red colour) and whose absorbance is 
measured at a wavelength of 540 nm. The level of nitrite in the samples was obtained by 
analysis without the cadmium column. Reagents used for this analysis are outlined in Appendix 
A. The following formula was used to calculate nitrate levels in samples: 
- -
Nitrate (NO~)= Total (Nitrite and Nitrate) - Nitrite (N02 ) 
(b) Dissolved reactive phosphorus (DRP) 
DRP was analysed using the "Automated Ascorbic Acid Reduction Method" described 
by Eaton et al. (1995). Ammonium molybdate and potassium antimony! tartrate react in an acid 
medium with orthophosphate to form a heteropoly acid - phosphomolybdic acid. This is 
reduced to an intensely coloured molybdenum blue complex by ascorbic acid and whose 
absorbance is measured at a wavelength of 880 nm. Details of the reagents used for this 
analysis are outlined in Appendix A. 
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(c) Total phosphorus (TP) and total nitrogen (TN) 
TN and TP concentrations were simultaneously determined using methods described by 
Ebina et al. (1983) and Valderrama (1981). Nitrogen compounds are oxidised by 
peroxodisulphate in an alkaline medium, whereas oxidation of phosphorus by 
peroxodisulphate requires an acidified medium. In the simultaneous oxidation, the reaction 
starts at pH 9.7 and ends at pH 5 to 6. These conditions are achieved using a boric acid -
sodium hydroxide system (Valde1nma 1981). The digestion time is a function of the 
autodecomposition of peroxodisulphate and needs to be no longer than 30 minutes, provided 
that the sample temperature attained using a pressure cooker is 110 to 115 ° C (Valderrama 
1981). Reagents used for this analysis are given in Appendix B. 
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2.6 ~utrient flux estimation 
N utricnt fluxes for a tidal cycle were determined at half hour intervals by multiplying 
nutrient concentrations by the value of the corresponding vertical cross-sectional area 
determined at the entrance of Big Glory Bay and the current velocity (Table 2.1 ). Cross 
sectional areas were estimated with the use of bathometry from the narrowest point in the 
entrance of Big Glory Bay (Fig. 2.1 ). Bathometry was based on mean low water springs 
(MLWS) values obtained from a chart of Paterson Inlet (NZ 6823, 1990). 
Table 2.1: Calculated section area and corresponding nutrient sample depth used to estimate 
nutrient fluxes. Letters correspond to areas indicated on Figure 2.5. 
Depth Bin Section Nutrient 
Area (m2) Sample 
Depth (m) 
A 0.0-7.5 4415 0, 5 
B 7.5-12.5 2400 10 
C 12.5-17.5 1850 15 
D 17.5-22.5 1250 20 
E 22.5-27.5 1000 25 
F 27 .5-30 500 30 
\:V ater samples for nutrient measurements were collected from depths that correspond to 
the centre of cross sectional areas as indicated by * in Figure 2.4. In area A, the surface and 5 
m nutrient measurements were averaged. Missing nutrient measurements were extrapolated 
from the average of nutrient values above and/or below the missing value. This method was 
chosen because nutrient values are more likely to be spatially related than temporally related. 
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Figure 2.4: Cross sectional view looking out through of the entrance to Big Glory Bay at the 
narrowest point. Depths of nutrient measurements indicated by *. 
An ADCP provided the measurements of current velocities required for the estimation 
of nutrient flux during the sampling period of 3 to 4 September 1996 (Section 2.2, Figure 2.1 
Site C). This information for February was based on measurements from current meters 
moored at depths of 2 and 26 metres (Section 2.2, Figure 2.1 Site D). A linear equation was 
used to estimate the velocity at a given depth. 
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Chapter 3: Temporal Sampling Results 
3.1 Orientation of flow 
The alignment of depth-averaged V and U components from ADCP profiles (Site C; 
Fig. 2.1) in the entrance of Big Glory Bay is shown in Figure 3.1. A clockwise rotation of 31'' 
was necessary to align the axis with the orientation of the predominant flow. To maintain 
consistency all subsequent ADCP and current meter data has been rotated in this way. The 
angle along which the currents are orientated will be referred to as the V' or the principal 
component. Likewise, flow orientated perpendicular to the principal component will be 
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Figure 3.1: Depth-averaged northerly (V) and easterly (U) components from ADCP profiles 
collected from the entrance of Big Glory Bay at Site C, 3 to 4 September 1996, 




3.2 September 1996 hydrographic measurements 
3.21 Tidal flow of water 
Temporal Sampling Results 
The deployment of two current meters during the 2 to 4 September 1996 sampling 
corresponded to a period where tidal range decreased from 2.1 to 1.7 m (Fig. 3.2). Tidal 
range decreased from 2.0 to 1.7 m during the temporal sampling (3 to 4 September 1996). 
A comparison of flow across the entrance of Big Glory Bay was monitored by the 
deployment of current meters at Sites A and B (Fig. 2.1). This deployment revealed that flood 
tide flows were greatest at Site A which subsequently decreased during the sampling period 
(Fig. 3.3). The velocity of ebb tide flows were greatest at Site B, which also exhibited a 
decrease in velocity with time. This was supp01ted by the tidally-averaged 
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Figure 3.2: Tidal range from 19 August to 18 September 1996 and corresponding period of 
current meter deployment (a) and temporal sampling (b ). Measurements were based 
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Figure 3.3: Principal component (V') and across-channel (U' ) current velocities at a depth of 
10 min 16 m deep water at Sites A and B in the entrance of Big Glory Bay, 2 to 4 
September 1996 (location indicated on Figure 2.1 ). 
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Table 3.1: Tidally-averaged current velocities for U' and V' components for September 1996 
current meter data. 
Site 
(component) 
Site A (V') 
Site A (U') 
Site B (V') 








velocities (Table 3.1) which showed that during the period monitored by current meters, Site 
A exhibited a net ebb (export), and Site B exhibited a small net flood (import). Tidally-
averaged across-channel current velocity was greater than the tidally-averaged velocity of the 
principal component. Out-flowing current velocities were smaller than in-flowing current 
velocities at both sites. 
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A comparison of flow direction and velocity for Sites A and B can be made by plotting 
U ' and V' components as shown in Figure 3.4. At Site A, flood tide water has more of a 
westerly component and was flowing faster than at Site B. At Site B ebb tide water has more 
of an easterly component, and was flowing faster than at Site A. The orientation of the current 
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Figure 3.4: Principal component (V') and across-channel (U') current velocities at Sites A 
and Bin the entrance of Big Glory Bay, 2 to 4 September 1996 (location indicated 
on Figure 2.1). 
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Two tidal cycles were observed during the 25 hours monitored by the ADCP and two 
distinctly different tidal flow regimes were observed. 
Figure 3.5 illustrates the depth-averaged principal and across-channel components from 
i'\DCP data from 3 to 4 September 1996. Successive out-flowing periods exhibited 
substantially different average peak flows suggesting a diurnal inequality of approximately 6 
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Figure 3. 5: Depth-averaged U' and V' components from ADCP profiles in the entrance of 
Big Glory Bay at Site C, 3 to 4 September 1996 showing heights of the diurnal (M1) 
and semi-diurnal (M?) components (Time= 0 at 07:35 hours). 
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ADCP measurements of current speed from Site Care illustrated in Figure 3.6. The 
first period of out-flowing water was characterised by the entire water column out-flowing with 
a maximum velocity near the bottom of 16 cm/sec. During the following period of inflow, 
maximum current velocity at the surface was 11 cm/sec and 13 cm/sec near the bottom. During 
the second out-flowing period the main flow was focused above 20 m, with maximum velocity 
of 13 cm/sec between the surface and 12 m. Below a depth of 20 rn, flows were less than 4 
cm/sec. The second in-flowing period was similar to the first but the main flow was focused at 
the bottom and continued for a longer period. The irregular depth in Figure 3.6 was caused by 
the vessel swinging on the anchor in the channel during the second out-flowing period. 
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Figure 3.6: ADCP measurements of current speed in the entrance of Big Glory Bay at Site C, 
3 to 4 September 1996 (T = 0.5 at 07 :35 hours). 
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The principal component (V') exhibited an increase of vertical structure with time (Fig. 
3.7 A). The first in/out-flowing cycle exhibited no vertical structure with flows up to 14 cm/sec 
in either direction. The second out,.flowing period showed intensified flow near the surface 
with flows of 12 cm/sec between 4 and 14 m. The next in-flowing period exhibited a bottom 
intensified flow structure and also persisted for a longer period. The U' component which 
represents the across-channel flow exhibited no structure except for three periods below 20 m 
(Fig. 3.7B). These three periods corresponded to the first outflow and the first and second in-
flowing periods. 
For the purposes of this study the barotrophic tide has been assumed to be depth-
dependent and therefore subtracting the depth-mean gives the baroclinic component. The 
components with the depth-averaged velocity removed are illustrated in Figures 3.8A and B. 
Initially there was no shear in the vertical profiles except some detail at the surface and the 
bottom of the profiles. A vertical shear was exhibited which coincided with the second out-
flowing water phase and this shear was characterised by water exiting the bay at the surface 
and entering the bay at the bottom. The O cm/sec crossing of the vertical profiles exhibited a 
gradual increase in height above the bottom which can be explained by a baroclinic flow. 
The range of across-channel flows (U') indicates that there was generally no structure, 
except for three periods below 25 m (Fig. 3.8B). The baroclinic component was not always in 
line with the axis of the principal component and in some instances the across-channel flow 
below 25 m was greater than principal component flow. 
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Figure 3.7: V' (A) and U'(B) components determined from ADCP measurements in the 
entrance of Big Glory Bay at Site C, 3 to 4 September 1996 (T = 0.5 at 07:35 hours). 
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Figure 3.8: V' (A) and U' (B) components determined by the removal the depth-averaged 
velocity from ADCP measurements in the entrance of Big Glory Bay at Site C, 3 to 
4 September 1996 (T = 0.5 at 07:35 hours). 
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Figure 3.9: Vertical profile of tidally-averaged V' from ADCP profiles in the entrance of Big 
Glory Bay at Site C, 3 September 1996 (profiles from 5 to 11.5 hours, Fig. 3.7 A). 
Figure 3.9 illustrates the vertical profile of tidally-averaged ADCP data obtained from 
the entrance of Big Glory Bay at Site C, 3 September 1996. The profile was calculated by 
averaging the velocity over a tidal cycle for all depths and is characterised by a strong baroclinic 
flow, with intrnding water at the bottom and a compensating flow at the surface. The 
magnitude of the baroclinic flow was about 1/3 of the strength of the tide. The degradation of 
the profile below 25 m has resulted from a reduced number of velocity measurements and is an 
artefact of the ADCP data which results from bottom interference. 
A difference in the orientation of surface and bottom water flows was evident from a 
plot of U' and V' components (Fig. 3.10). The variation in orientation between surface and 
bottom water flow was approximately 45°. Surface water (4 m) flow was orientated 31 6 off 
North and the water at 26 mis orientated north-west to south-east which equates to a rotation 
of approximately 2° per metre. 
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Figure 3.10: Principal component (V') and across-channel (U') current velocities at 6 m 
intervals determined from ADCP measurements in the entrance of Big Glory Bay at 
Site C, 3 to 4 September 1996. 
The progressive vector plots shown in Figure 3.11 illustrate the cumulative sum of 
current speeds determined from ADCP measurements at a selection of depths (Fig. 3.12). All 
plots begin at (0,0). These plots can be used to verify the distances of tidal excursion, the net 
direction of flow and the orientation of flow. The progressive vector plots for 4, 10, 16 and 
20 m exhibit the effect of both in and out-flowing periods of similar magnitude and indicate a 
mean outflmv. The strongest flows were seen at 10 m (Figs. 3.11 & 3.12). Estimates for tidal 
excursion ranged from 1000 to 2500 m. 
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Figure 3.11: Selection of progressive vector plots showing the cumulative progress of water 
detennined from ADCP measurements in the entrance of Big Glory Bay at Site C, 3 
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Figure 3.12: Selection of time series plots showing U' and V' components determined from 
ADCP measurements in the entrance of Big Glory Bay at Site C, 3 to 4 September 
1996 (Time = 0.5 at 07:35 hours) . 
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The progressive vector plot for 25 m was affected by the absence of the second period 
of out-flowing water caused by the change of boat position. Early signs of this latter mode of 
flo\V was evident at 20 m (Figs. 3.11 & 3.12). 
The progressive vector plots for the current meter data obtained from Sites A and B 
are shown in Figure 3.13. Site A exhibits two distinct modes of flow. The first mode began 
with water out-flowing and in-flowing at similar rates with a tidal excursion of 4500 m (Fig. 
3 .13). The orientation suddenly changed (mode 2) and was characterised by small U' and 
large V' components during the outflow, and smaller but similar components during the 
inflow (Fig. 3.4). This produced the jagged effect and resulted in a net export of water. 
During this latter mode at Site A, tidal excursion was approximately 4500 m during the out-
flows and 2200 m during the in-flows. 
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Figure 3.13: Progressive vector plots showing the cumulative progress of water determined 
from S4 current meter measurements in the entrance of Big Glory Bay at Sites A and 
B, 2 to 4 September 1996 (e = ebb; f = flood). 
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The progressive vector plot for Site B was characterised by out and in flows of 
similar orientation and magnitude. Tidal excursions were approximately 4000 m for both out 
and in flows. One large in-flow (indicated by 'f', Fig. 3.13 Site B) resulted in a tidal 
excursion of 6500 m. 
3.22 Temperature 
September temperature data obtained using the CTD profiler from Site C (Fig 2 .1), 
ranged from 9.05 to 9.70 °C (Fig. 3.14A). The sampling sequence began with a homogeneous 
body of cold water (9.05 °C) flowing from the bay. After the advent of slack water (SW), a 
warm water intrusion (9.2 °C) began to enter Big Glory Bay below 25 metres. By the end of 
the in-flowing period, the warm body of intruding water had spread to the surface. The colder 
water that had previously flowed from the bay may be present from about 5 to 15 m during the 
in-flowing period and was slightly warmer due to mixing. The next out-flowing water phase 
was characterised firstly by a period of warm water that had just entered the bay on the flood 
tide and secondly, a period of colder water from the surface to a depth of 15 m. Below this 
later depth the warm intrusion was still present. A similar pattern was observed during the 
following in-flowing period but the water was even warmer with a maximum of 9.55 °C. 
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Figure 3.14: Contour plots for temporal sampling temperature (A), salinity (B) and density 
(C) determined from CTD measurements in the entrance of Big Glory Bay at Site C, 
3 to 4 September 1996 (Time = 0 at 08:00 hours; Units = °C, psu and sigma-t 
res pee ti vel y). 
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3.23 Salinity 
Salinity measurements from Site C (Fig. 2.1) were obtained using the CTD profiler, 
and during tbe Septern ber 1996 sampling period ranged from 34.3 to 34.5 psu (Fig. 3. I 4 B). 
Initial salinity during the out-flowing period was uniform with depth which indicates a 
homogeneous body of water. An intrusion of more saline water began during the flood tide 
and subsequent in-flowing period. This intrusion increased the level of stratification in the 
bay. The following out-flowing period does little to repel the saline intrusion into the bay. A 
further increase of salinity once again preceded the slack water (SW). The end result of the 
saline intrusion was an increase of salinity in the bottom water which created a small degree of 
stratification. 
3.24 Density 
During the September 1996 sampling sequence, water flowing from Big Glory Bay 
was less dense than water intruding into the bay during the periods of inflow (Fig. 3.14C). 
During the second in/outflow cycle, water of similar density can be seen leaving and then 
returning during the next period of inflow. Bottom water during this period continued to 
increase in density. The range of density measurements during this sampling sequence was 
from 26.25 to 26.75. 
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3.31 Tidal flow of water 
Temporal Sampling Results 
From 3 to 6 February 1997 current meters were deployed at Site D in the entrance of 
Big Glory Bay (Fig. 2.1). This corresponded to a period where tidal range increased from 1.5 
to 2 .2 m (Fig. 3 .15). During the temporal sampling (5 to 6 February 1997), tidal range 
increased from 2.0 to 2.2 m 
Two modes of flow were encountered by the current meters moored at the surface and 
the bottom (Fig. 3.16). For the first 30 hours of deployment, flow was characterised by water 
in-flowing only at the surface and out-flowing only at the bottom (mode 1). Maximum flows 
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Figure 3.15: Tidal range from 20 January to 20 February 1997 and corresponding period of 
current meter deployment (a) and temporal sampling (b). Measurements based on 
Bluff tidal information. 
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Figure 3.16: Principal component (V') and across-channel (U') current velocities at depths 
of 2 metres (surface) and 26 metres (bottom) in the entrance of Big Glory Bay at Site 
D, 3 to 6 February 1997. 
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The second mode of Clow vvas characterised by water out-flowing at both the top and 
bottom and only in-flowing at the bottom. The transition between the two modes occurred 
almost instantaneously with the bottom water lagging behind by approximately two hours. 
\1aximum flows during this period were 25 cm/sec for in-flowing water and 24 cm/sec for 
surface water out-flowing and 16 cm/sec for bottom water out-flowing. 
Tidally-averaged current velocities exhibited a contrast in flow direction and velocity 
during both modes of flow (Table 3.2). Surface flows were substantially larger than bottom 
flow. 
Table 3.2: Tidally-averaged current velocities for U' and V' components and both modes of 
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Figure 3.17: Principal component (V') and across-channel (U') current velocities for surface 
and bottom current meters in the entrance of Big Glory Bay at Site D, February 
1997. 
Figure 3 .17 provides a comparison of direction and velocity for both surface and 
bottom water flows. Water exits the bay faster at the surface and with a similar orientation to 
that of the bottom water. Water entering the bay travels faster at the bottom and in a south-west 
direction. Surface water entering the bay travels in a westerly direction. 
The progressive vector plots shown in Figure 3 .18 illustrate the cumulative sum of 
current speeds and can be used to verify tidal excursion distances and the mean direction of 
flow. The contrast between the surface and bottom water flows described earlier in Figure 
3 .16 was still apparent. A feature of the first mode of flow described was that there was no 
period of out-flowing water (Fig. 3.18) . The second mode of flow featured predominantly 
out-flowing water. The regular diversions during this latter mode of flow were caused by the 
effect of the water flooding at the surface. Tidal excursion during this mode of flow ranged 
between 3000 and 4000 m. 
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The bottom water was first characterised by the predominance of out-flowing water 
during the first mode of flow and this can be seen in the progressive vector diagram (Fig. 
3.18). The second mode featured a strong flood and weaker ebb flow which caused the 
regular loop-shaped diversions. Tidal excursion at the bottom ranged between 2000 and 3000 
111. 
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Bottom (26 m) 
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Figure 3.18: Progressive vector plots showing the cumulative progress of water determined 
from S4 current meter measurements in the entrance of Big Glory Bay at Site D, 3 
to 6 February 1997. 
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3.32 Temperature 
Water temperature during the February sampling sequence varied from 13.6 to 14.6 CC 
as shown in Figure 3.19A. A thermocline was present during most of this sampling sequence 
and the depth of the thermocline fluctuated from about 5 to 9 metres. Below the thermocline, 
the water temperature gradually decreased to a minimum temperature of 13.6 °C. Water 
entering the bay during both in-flowing periods was less stratified and cooler than water out-
flowing from the bay. 
3.33 Salinity 
During the February 1997 sampling sequence salinity ranged from 33.70 to 34.65 psu 
(Fig. 3.19B). Two haloclines were present during the sampling sequence. The primary 
halocline varied in depth from 3 to 10 metres which was approximately marked by the position 
of the 34.5 psu contour line. A secondary halocline was present during the latter half of the 
sampling sequence. The latter halocline was produced by a low salinity surface layer which 
may be an artifact of a rain event. Below the primary halocline salinity gradually increased to 
reach a maximum of 34.6 psu. A slight reduction of salinity at the bottom was also evident. 
3.34 Density 
Density measurements during the February 1997 sampling sequence ranged from 25.10 
to 25.95. Below the pycnoclyne at about 3 to 10 m, water density gradually increased with 
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Figure 3.19: Contour plots for temporal sampling temperature (A), salinity (B) and density 
(C) determined from CTD measurements in the entrance of Big Glory Bay at Site C, 
S to 6 February 1997 (Time= 0 at 18:30 hours; Units= °C, psu and sigma-t 
respective I y). 
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3.4 September nutrient data 
Water samples were collected for nutrient analysis during the September 1996 temporal 
sampling sequence at the same time as the first half of the CTD and ADCP measurements were 
made. All nutrient measurements are listed in Appendix D. 
Two periods of different DRP concentrations are evident in the data shown in Figure 
3.20. DRP levels for samples collected during the first out-flowing period were similar to 
levels determined during the proceeding in-flowing period. This pattern was consistent for all 
the depths sampled. Higher levels of DRP can be seen flowing from the bay following the 
advent of slack water (SW). Water associated with this period had a DRP concentration of 
0.54 µmol-(P)/1 compared to 0.44 ,umol-(P)/1 for the remaining times. The average DRP 
concentration during the September 1996 sampling sequence was 0.47 µmol-(P)/1. 
Figure 3 .21 shows higher levels of TP measurements in the waters flowing from Big 
Glory Bay. TP levels during the first out-flowing period decrease slightly after the advent of 
SW for all sample depths. Elevated TP concentrations during the second out-flowing period 
decreased with depth. The TP average for this sampling sequence was 0.62 µmol-(P)/1. 
The average nitrite concentration during the September 1996 sampling sequence was 
0.27 µmol-(N)/1. During this sampling sequence, two discrete periods of nitrite 
concentrations were evident (Fig. 3.22). The period of higher concentration was associated 
with the in and out-flowing period and averaged 0.34 µmol-(N)/1. The period of lower 
concentration was associated with the second out-flowing period and averaged 0.16 µmol-
(N)/1. 
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Figure 3.20: DRP concentrations at five metre depth intervals over a tidal cycle 111 the 
entrance of Big Glory Bay, September 1996. 
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Figure 3.21: TP concentrations at five metre depth intervals over a tidal cycle in the entrance 

























c 0.2 <lJ 
u 
C 













0 0 0 0 0 0 0 0 C) '" C) "' C) '" C) ~ 00 00 °' °' 0 0 
SW 
I 
0 0 0 
C) "' C) "' "' ,,., 
inflow 
Surface ,,: ... . · · · 5 111 
10 111 . . +·· . 15 111 
0 0 0 0 0 0 0 
~ C) "' C) "' C) "' "' ..;- ..;;: Of") If") 'D 0 
Time (h) 






0 0 0 0 0 




20 111 ········+- ·. 25 111 
Figure 3.22: Nitrite concentrations at five metre depth intervals over a tidal cycle m the 
entrance of Big Glory Bay, September 1996. 
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The concentration of nitrate during the September 1996 sampling sequence was m1 
order of magnitude higher than DRP and nitrite levels. Average nitrate concentrations exhibited 
minimal fluctuation throughout the sampling sequence, which was consistent for all depths 
measured (Fig. 3.23). The average concentration was 3.92 µmol-(N)/1. 
The average TN concentration for this sampling sequence was 10.74 µmol-(N)/1. TN 
levels show a change in concentration over time with higher concentrations present prior to the 
advent of SW (Fig. 3.24) . Proceeding the latter SW, concentrations were substantially 
reduced and remained at these levels for the remainder of the sampling period. 
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Figure 3.23: Nitrate concentrations at five metre depth intervals over a tidal cycle 111 the 
entrance of Big Glory Bay, September 1996. 
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Figure 3.24: TN concentrations at five metre depth intervals over a tidal cycle in the mouth 
of Big Glory Bay, September 1996. 
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3.5 February nutrient data 
Water samples were collected for nutrient analysis during the February 1997 temporal 
sampling sequence at the same time as the second half of the CTD measurements were taken. 
All nutrient measurements are listed in Appendix D. 
The average TP concentration during the February 1996 sampling sequence was 0.30 
µmol-(P)/1. There was no obvious change in concentration over time, although the greatest 
variation occurred during the out-flowing period (Fig. 3.25). Surface TP measurements were 
generally similar to those measured from water collected at a depth of 20 m. Average DRP 
values were greater than TP values. 
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Figure 3.25: TP concentrations for the surface and a depth of 20 m over a tidal cycle in the 
entrance of Big Glory Bay, February 1997. 
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The average for DRP concentration during the February 1997 sampling sequence was 
0.45 µmol-(P)/1. Variation in DRP measurements during the sampled period was negligible 






































'" 0 co °' 
inflow SW 
0 0 0 0 0 
(') 0 "' C, "' °' 0 0 
outflow SW 
I 
Su rface 5 111 
10 111 ·······<· . ... 15 111 
O O O 0 
('f") 9 ('f") 9 
('f")'<:t~V'll.{")\O 
Time (h) 
20111 . . . + 
0 0 O 0 
(") 9 ('f") 9. 






0 0 0 
('f') 9 ("f"') 
~ C'l C'I 
Figure 3. 26 : DRP concentrations at five metre depth intervals over a tidal cycle m the 
entrance of Big Glory Bay, February 1997. 
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The average nitrite concentration for the February 1997 sampling sequence was 0.09 
µmol-(N)/1 and measurements ranged from O. 05 to O .14 µmol-(N)/1. Nitrite concentrations 
were generally uniform throughout the water column showing little variation with depth or time 
(Fig. 3.27). There was an increase in nitrite concentration at most depths after the second SW. 
Nitrate concentrations during the February 1997 sampling sequence ranged from O.01 
to 2.20 µmol-(N)/1 and averaged 0.90 µmol-(N)/1. Lowest levels of nitrate occurred between 
the surface and 10 m throughout most of the sequence (Fig. 3.28). Below this latter depth 
nitrate concentration gradually increased. Nitrate levels exhibited the greatest increase for 
measurements below 10 m surrounding the second SW. 
February TN measurements ranged from 4.57 to 11.37 µmol-(N)/1 and averaged 6.77 
µmol-(N)/1. TN concentrations were generally higher at 20 m than at the surface (Fig. 3 .29 ). 
These differences were more prominent during the period of out-flowing water which suggests 
a difference between in-flowing and out-flowing TN concentrations. 
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Figure 3.27: Nitrite concentrations at five metre depth intervals over a tidal cycle m the 
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Figure 3.28 : Nitrate concentrations at five metre depth intervals over a tidal cycle m the 
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Figure 3.29: TN concentrations at the surface and a depth of 20 m over a tidal cycle in the 
entrance of Big Glory Bay, February 1997. 
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3.6 Nutrient ratios for temporal sampling 
Plots showing the relationship between nitrate and DRP levels for all samples collected 
during the September 1996 and February 1997 sampling sequences are shown in Figures 3 .30 
and 3 .31 respectively. During the September sampling sequence, variable levels of DRP 
concentrations affected the ratios which ranged from 4 to 16 (Fig. 3.30). There was no 
obvious distinction between ratios of nutrients in ebbing and flooding water. 
February ratios were all less than 7.1, indicating a lack of nitrogen or an excess of 
phosphate in the bay (Fig. 3. 31). Ratios determined for the September sampling sequence 
were higher than those measured during February. The Redfield ratio indicated in Figures 30 
and 31 shows that available nutrient levels were substantially less than 16: 1. Nitrate levels 




















0 0.1 CJ.2 0.3 0.4 0.5 0.6 0.7 
DRP (µmol-(P)/1) 
Figure 3.30: Relationship between nitrate and dissolved reactive phosphorus concentrations 
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Figure 3.31: Relationship between nitrate and dissolved reactive phosphorus concentrations 
for water samples collected from Site C (Fig. 2.1), 4 February 1997. 
3.7 Nutrient flux 
The estimation of nutrient flux from Big Glory Bay was based on the volume of water 
exchanged and the concentration of nutrients in this water. The results summarised in Tables 
3. 3 and 3 .4 indicate a net export of all nutrient species measured during the two sampling 
periods. Higher levels of nutrients were present in the water column during September 1996 
than were present during February 1997 which was reflected by the larger mass of nutrients 
moving in and out of the bay. The only exception to this was DRP which had higher levels in 
February 1997. 
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Table 3.3: Estimation of nutrient flux after one tidal cycle during 3 September 1996, using 
current measurements from an ADCP (Units= kg). 
Total Out Total In Net Flux Return Rate 
DRP 276 192 84 kg exported 70% 
TP 437 218 219 kg exported 50% 
:'\itrite 93 59 34 kg exported 63% 
Nitrate 1075 835 240 kg exported 78% 
TN 3601 1882 1719 kg exported 52% 
Table 3.4: Estimation of nutrient flux after one tidal cycle during 4 February 1997, usmg 
current meter data from 2 and 26 m (Units= kg). 
Total Out Total In Net Flux Return Rate 
DRP 373 263 110 kg exported 71% 
Nitrite 30 19 11 kg exported 63% 
Nitrate 318 216 102 kg exported 68% 
Return rates shown in Tables 3. 3 and 3 .4 reflect the percentage of the nutrient mass that 
returned during the proceeding flood tide. During September 1996 TP and TN exhibited return 
rates of 50% and 52% respectively which is considerably less than return rates for the dissolved 
nutrients. Return rates for DRP and nitrate were high for September (Table 3.3) and were 
relatively similar to February return rates (Table 3.4). 
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Chapter 4: Spatial Survey Results 
4.l September l 996 spatial survey of Big Glory Bay 
4.11 Nutrient data 
Spatial Sampling Results 
The spatial survey of Big Glory Bay was conducted on 4 September 1996. The survey 
began at 08:45 hours and took approximately 5 hours to complete. The location of sample sites 
for this survey are shown in Figure 2.2. Station numbers do not represent the order that 
stations \Vere sampled. Most of the survey was conducted during an ebb tide with a low tide at 
12:20 hours. All nutrient measurements are listed in Appendix E. 
Average DRP concentrations for the respective groups are shown in Table 4.1. Levels 
of DRP in Big Glory Bay exhibit a slight decrease in DRP concentration towards the upper 
reaches of the bay (Fig. 4.1). There appears to be no difference between the surface and 
bottom water DRP measurements. 
Nitrite concentrations show a large degree of variation between samples taken at the 
surface and at the bottom (Fig. 4.2). The average nitrite values for the respective groups are 
listed in Table 4.1. 
Table 4.1: Summary of average nutrient levels and standard errors (SE) for the spatial survey 
of Big Glory Bay, 4 September 1996 (Units= µmol-(atom)/1). 
Group DRP (±SE) Nitrite (±SE) Nitrate (±SE) 
Paterson Inlet 0.45 (0.01) 0.11 (0.01) 3.43 (0.27) 
OuterBGB 0.51 (0.02) 0.14 (0.01) 3.40 (0.19) 
)Aid BGB 0.47 (0.01) 0.10 (0.01) 2.83 (0.10) 
Upper BGB 0.44 (0.01) 0.08 (0.02) 2.52 (0.15) 
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Figure 4.1: DRP levels from surface and bottom water samples for the spatial survey of Big 
Glory Bay, 4 September 1996. 
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Figure 4.2: Nitrite levels from surface and bottom water samples for the spatial survey of Big 
Glory Bay, 4 September 1996. 
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>litrate levels from the spatial survey of Big Glory Bay are shown by Figure 4.3. The 
average nitrate values for the respecti vc groups are shown in Table 4.1. Nitrate levels exhibit a 
slight decrease towards the upper reaches of Big Glory Bay and a slight increase in 
concentration with an increase in depth. 
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Figure 4.3: Nitrate levels from surface and bottom water samples for the spatial survey of Big 
Glory Bay, 4 September 1996. 
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4.12 Nutrient ratios 
The relationship between nitrate and DRP for all water samples collected during the 
spatial survey of Big Glory Bay are shown by Figure 4.4. Higher levels of nitrate were present 
in the PI and outer stations of Big Glory Bay. A comparison between the Redfield ratio and 
levels of nitrate and DRP measured from water collected from Big Glory Bay shows that ratios 
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Figure 4.4: Relationship between nitrate and dissolved reactive phosphorus concentrations 
fo r water samples collected from Big Glory Bay, September 1996 (Location 
indicated on Fig. 2.2). 
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4.13 Temperature, salinity and density 
The CTD profiles for each station are shown in Appendix E and the location of stations 
are shown in Figure 2.2. Temperature in the bay ranged from about 9.1 lo 9.5 °C and the 
salinity ranged from 34.1 to 34.5 psu. There were three types of profiles characteristic of the 
CTD data collected during this September survey of Big Glory Bay. The first type shown by 
Figure 4.5, exhibited a gradual increase of salinity and temperature with increasing depth. This 
was observed at Stations 2, 3 and 5 (Appendix E) which are located either in Paterson Inlet or 
near the entrance of Big Glory Bay. 
The second characteristic profile type is shown by Figure 4.6, and indicated a generally 
well-mixed water column except for the bottom 5 m. This pattern was exhibited by Stations 4, 
6, 8, 10 and 11 which were predominantly the outer and centrally located sites in Big Glory 
Bay. 
The third type of profile was observed for stations 7, 14, 15 and 17 in the shallow 
reaches of the bay (Fig. 4.7). These sites range in depth from 8 to 15 m and have a surface 
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Figure 4.5: Temperature, salinity and density profiles for Station 2, Paterson Inlet, 
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Figure 4.6: Temperature, salinity and density profiles for Station 6, Big Glory Bay, 4 
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Figure 4. 7: Temperature, salinity and density profiles for Station 14, Big Glory Bay, 4 
September 1996 (Location indicated by Fig. 2.2). 
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4.2 February 1997 spatial survey of Paterson Inlet 
4.21 Nutrient data 
Spatial Sampling Results 
The spatial survey Paterson Inlet was conducted over two days. Stations 1 to 4 were 
sampled on 3 February 1997 from 14: 10 hours and took two hours to complete. Stations 5 to 
13 were sampled on 4 February 1997 from 15:10 hours and also took two hours to complete. 
Low tide occurred at the entrance of Paterson Inlet at the beginning of each of the two days 
sampled. The numbering of stations represents the order in which stations were sampled. The 
location of the sites used for the latter survey are shown in Figure 2.3. All nutrient data are 
listed in Appendix F. 
There was considerable variation in the DRP levels for sites throughout Paterson Inlet 
(Fig. 4.8) although adjacent sites generally exhibited similar DRP levels and as a result there 
was little difference in DRP levels between upper and mid station sites. The highest levels of 
DRP were measured at Station 1 and 2 at a depth of 15 111. The Outer Station sites which were 
separated by ulva Island exhibited a substantial difference of 0.10 µmol-(P)/1 compared to the 
lower values on the Big Glory Bay side of the island. 
TP levels do not reflect a similar pattern to DRP. There was little variation between TP 
levels at stations throughout Paterson Inlet (Fig. 4.9). 
Ki trite levels for sites in Paterson Inlet are shown in Figure 4.10. Stations in the upper 
reaches of Paterson Inlet exhibited the greatest amount of variation with depth. Most other 
stations exhibited a smaller amount of variation. Nitrate levels show a large amount of variation 
\Vith depth for most stations in the inlet (Fig. 4.11). TN levels for Paterson Inlet exhibited the 
largest range for stations in the upper reaches of Paterson Inlet (Fig. 4.12). TN levels for the 
remaining stations in both the mid and outer regions of the inlet exhibited a large amount of 
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variation. with nu apparent pattern. There was also a decrease or TN concentration between 
surCace levels and levels at 5 m. 
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Figure 4.8: DRP measurements at five metre depth intervals for the Paterson Inlet spatial 
survey, 3 to 4 February 1997. 
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Figure 4.9: TP measurements at five metre depth intervals for the Paterson Inlet spatial 
survey, 3 to 4 February 1997. 
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Figure 4.10: Nitrite measurements at five metre depth intervals for the Paterson Inlet spatial 
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Figure 4.11: Nitrate measurements at five metre depth intervals for the Paterson Inlet spatial 
survey, 3 to 4 February 1997. 
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Figure 4 .12: T;( measurements at five metre depth intervals for the Paterson Inlet spatial 
survey, 3 to 4 February 1997. 
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4.22 Nutrient ratios 
The relationship between nitrate and DRP for all samples collected from the spatial 
survey of Paterson Inlet is shown by Figure 4.13. Nutrient levels were very low and show 
little variation between the upper, mid and outer sections of Paterson Inlet. The observed ratios 
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Figure 4.13: Relationship between nitrate and dissolved reactive phosphate concentrations for 
water samples collected from Paterson Inlet, February 1997. 
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4.23 Temperature, salinity and density 
Temperature profiles in the upper reaches of Paterson Inlet were typical of the profile 
recorded for Station 2 (Fig. 4.14). A warm surface layer of about 15 °C extended down to 
about 10 111 whicb was the depth of the thermocline. Below the thermocline, the temperature 
decreased to about 14 °C. Stations 1 to 3 were the only stations to exhibit a thermocline. 
Salinity increased from 34.0 psu at the surface and to about 34.5 psu towards the bottom. A 
low salinity surface layer was present in some of the stations in the upper section of PI and this 
\Vas most pronounced at Station 3 (Appendix F). Density values range from 25.0 to 25.8. 
Temperature profiles collected from the mid section of Paterson Inlet exhibited a gradual 
decrease with depth. Surface water was about 14.7 QC and decreased about a degree towards 
the bottom (Fig. 4.15). Surface salinity was about 34.2 psu and increased only 0.2 psu 
towards the bottom. 
The outer stations in Paterson Inlet were characterised by a well-mixed water column, 
\vith a sharp decrease in water temperature in the bottom 2 or 3 m (Fig. 4.16). Surface water 
temperatures were usually less than 14 QC and decreased only slightly towards the bottom. This 
was evident in both the salinity and density profiles. The highest salinity values for this survey 
were recorded in this latter section of Paterson Inlet (34.5 psu; Fig. 4.16). 
The temperature, salinity and density profiles measured for each of the 13 stations in 
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Figure 4.14: Temperature, salinity and density profiles for Station 2 in the upper section of 
Paterson Inlet, 4 February 1997. 
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Figure 4 .15: Temperature, salinity and density profiles for Station 8 in the mid section of 
Paterson Inlet, 4 February 1997. 
86 
Chapter 4 Spatial Sampling Results 
Temperature (deg C) Salinity (PSU) Density (kg/m"3) 
0 0 0 
2 2 2 
4 4 4 
6 6- 6 
E 8 E 8- 8 
..c ..c ..c 
0.. 0.. 0.. 






12 12" 12 
14 - 14- 14 
16- 16- 16 
1s~~~~~~~~ 18 18 
12 14 16 33 34 35 24 25 26 27 
Figure 4 .16: Temperature, salinity and density profiles for Station 5 in the outer section of 
Paterson Inlet, 4 Febrnary 1997. 
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4.3 Characterisation of associated water bodies 
4.31 Nutrient data 
Spatial Sampling Results 
The sample sites used for the spatial survey conducted on 4 February 1997 arc shown in 
Figure 2.3. The survey began al 09:30 hours and took approximately 3 hours to complete, 
which coincided with a high tide at 10: 15 hours in Paterson Inlet. All nutrient measurements 
for the latter survey are listed in Appendix G. 
DRP measurements at 5 m depth intervals are shown in Figure 4.17. There was no 
relationship between concentration and depth for DRP samples collected in Paterson Inlet or the 
adjacent coastal water (ACW). Big Glory Bay DRP measurements exhibited an increase in 
concentration with depth. The spatial variation in the DRP measurements was found to be 
greatest in Big Glory Bay, and smallest in Paterson Inlet. Average ACW DRP concentrations 
decrease towards Paterson Inlet from 0.61 to 0.52 µmol-(P)/1. Paterson Inlet appeared to 
exhibit the lowest average DRP level of (0.2 µmol-(P)/1), followed by Big Glory Bay (0.56 
µmol-(P)/1) and then the ACW with 0.57 µmol-(P)/1 (Table 4.3). 
Table 4.3: Summary of average nutrient levels and standard errors (SE) for the spatial survey 
that began in the adjacent coastal water (ACW) and ended in the upper reaches of Big 
Glory Bay (BGB) (PI= Paterson Inlet; Units in µmol-(atom)/1). 
Group DRP (±SE) TP (±SE) Nitrite (±SE) Nitrate (±SE) TN (±SE) 
ACW 0.57 (0.03) 0.22 (0.02) 0.23 (0.01) 2.46 (0.77) 6.74 (0.87) 
PI 0.52 (0.01) 0.21 (0.02) 0.16 (0.02) 1.97 (0.77) 6.70 (0.36) 
BGB 0.56 (0.02) 0.34 (0.04) 0.15 (0.01) 0.79 (0.15) 7.96 (0.28) 
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Figure 4.17: DRP measurements at five metre depth intervals for the spatial survey transect, 
4 February 1997. 
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Measurements of TP ranged from 0.17 to 0.49 µmol-(P)/1 (Figure 4.18). The lowest 
levels of TP concentrations were obtained from Paterson Inlet and averaged 0.21 µmol-(P)/1 
(Table 4.3). The highest levels of TP were obtained from Big Glory Bay with an average of 
0.34 µmol-(P)/1. There was no relationship between concentration and depth. Average 
concentrations of TP were less than DRP concentrations. 
Levels of nitrite present in the ACW were higher than most Paterson Inlet and Big Glory 
Bay sites (Fig. 4.19), which was also reflected by the high average nitrite level for the ACW 
(Table 4.3). ACW nitrite levels also appeared to exhibit an increase in concentration with 
depth. Nitrite levels averaged 0.15 µmol-(N)/1 in Big Glory Bay and 0.16 µmol-(N)/1 in 
Paterson Inlet (Table 4.3). 
The biggest range of nitrate values (3.03 to 0.94 µmol (N)/1) was observed for stations 
in the ACW (Fig. 4.20). Levels of nitrate for water samples taken from depths of O m 
(surface), 5 and 10 m appeared to decrease from the ACW to the upper reaches of Big Glory 
Bay with a range of concentrations from 0.19 and 3 .03 µmol (N)/1. There was an increase of 
nitrate levels with an increase of depth. Low levels of nitrate were present down to a depth of 
15 m and increased below this point. 
TN levels exhibited an increase from stations in the ACW to the upper reaches of Big 
Glory Bay. There was no relationship between concentration of TN and depth. Big Glory Bay 
exhibited higher levels of TN and less variability in measurements than Paterson Inlet and the 















Spatial Sampling Results 
A 
1.0 


































0. 1 o...a....---~---~--~--........ ~------~__. ______ __. 
D 











13 12 11 10 9 8 7 6 5 4 3 2 
Station Number 
····"+"""" 30111 + 40 m 
















































13 12 11 10 9 
Pl ACW 
Su1face ,·,,t., ······ 5 m 
,,. 
; 
!Om ··· v<> ······ 15 111 
20111 ·+ 25 111 
+· 
8 7 6 5 4 3 2 
Station Number 
30 m 40111 
Figure 4.19: Nitrite measurements at five metre depth intervals for the spatial survey transect, 
4 February 1997. 
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Figure 4.20: Nitrate measurements at five metre depth intervals for the spatial survey 
transect, 4 February 1997. 
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Figure 4.21: TN measurements at five metre depth intervals for the spatial survey transect, 4 
February 1997 . 
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4.32 Nutrient ratios 
The relationship between the levels of nitrate and DRP for all samples collected along 
the transect is shown in Figure 4.22. Some Big Glory Bay ratios show the effect of high levels 
of DRP which were not present in water samples taken from Paterson Inlet or ACW. A 
comparison of the Redfield ratio and the ratios of nitrate and DRP measured from water 
collected between the ACW and the upper reaches of Big Glory Bay shows that ratios were 
substantially less than the theoretical Redfield ratio of 16: 1. 
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Figure 4 .22: Relationship between nitrate and dissolved reactive phosphate concentrations 
for water samples collected along a transect from the adjacent coastal waters to the 
upper reaches of Big Glory Bay, February 1997. 
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4.33 Temperature, salinity and density 
Changes in temperature along the transect ranged from a minimum of 12.6 °C in the 
ACW, to a maximum of 15.4 °C in the upper reaches of Big Glory Bay (Fig. 4.23A). Surface 
temperature gradually increased towards Big Glory Bay where the greatest change occurred. 
The presence of a thermally stratified water column was more evident in stations located in Big 
Glory Bay than stations located outside the bay. The colder water located near the bottom of 
Big Glory Bay and Paterson Inlet was similar to water found near the surface of Paterson Inlet 
and the ACW. The surface water that ranged in temperature from 13.8 to 14.0 °C between 
Stations 8 and 6 may be the water associated with surface tidal flows. 
Changes in salinity along the transect are shown in Figure 4.23B. The highest salinity 
value of 34.7 psu was recorded from Station 1 at depths below 10 min the ACW. The salinity 
gradually decreased to a minimum of 34.0 psu in Big Glory Bay. Surface waters in Big Glory 
Bay typically had lower salinity values than for underlying water. 
Changes in density along the transect ranged from a minimum of 25.3 in the upper 
reaches of Big Glory Bay to a maximum of 26.2 in the ACW (Fig. 4.23C). The CTD profiles 
for each station are shown in Appendix G. 
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Figure 4.23: Contour p lots of temperature (A), salinity (B) and density (C) for the transect 
conducted on 4 February, 1997 (Refer to Figure 2.3 for station location; Units= °C, 
psu and sigma-t respectively). 
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Chapter 5: Discussion 
5.1 Exchange of water 
The temporal sampling sequence conducted from 3 to 4 September 1996 was 
undertaken during conditions when the water column was well-mixed. These conditions were 
enhanced by three days of strong winds prior to the commencement of the sampling period 
(Appendix H). During the sampled period an intrusion of coastal water was evident. This 
intrusion caused the stmcture of flow into and out of Big Glory Bay to alter substantially during 
the period monitored (Figs. 3.7 & 3.12). The influx of the warmer, more saline and higher 
density water during the in-flowing tide (Fig. 3.14) created a horizontal pressure gradient 
between the inside and outside of Big Glory Bay. The presence of this gradient created a 
baroclinic force comparable to the force that drives the tidal flow. As a result the out-flowing 
water was forced to flow over the top of the newly-arrived body of water located at a depth 
between 20 m and the bottom. During the period of inflow, this body of water remained 
almost stationary (Fig. 3.5) as it may have been trapped within the confines of Big Glory Bay 
and Paterson Inlet due to the 10 m deep sill at the entrance to Paterson Inlet from the ACW (Fig. 
2.3). 
From current meter data obtained during September 1996, it was apparent that water 
currents across the entrance of Big Glory Bay were not uniform in magnitude or orientation 
(Figs. 3.3, 3.4 and Table 3.1). This variation affected the extent of tidal excursion and was 
best illustrated by the progressive vector plots. These were calculated from ADCP data (Site C; 
Fig. 3 .11) and exhibited smaller tidal excursions than the plots calculated from data collected by 
the current meter data from Sites A and B (Fig. 3.13). This would suggest larger flows near 
the edges of the entrance of Big Glory Bay which may be caused by acceleration around 
protruding bathometry. The spiral observed in the entrance of Big Glory Bay and shown in 
Figure 3.10, may also reflect the influence of local bathometry on current direction. 
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The effect of across-channel flow on the mean drift can be seen in the orientation of 
mode 2 at Site A (Fig. 3.13). Strong across-channel flows were also observed in the ADCP 
profiles at Site C (Fig. 3.8B). The presence of these strong across-channel flows below 25 m 
may be due to bathometry, forcing water to enter and exit the bay at an angle perpendicular to 
the principle component. 
The water column during the February 1997 temporal sampling sequence was stratified 
which would be expected at this time of year (Pearce and Peake 1993). The current meter data 
obtained during February exhibited two modes of flow (Fig. 3.16). The first mode of flow 
was induced by strong north-easterly winds (Beaufort wind scale 4 to 6, Appendix H). The 
wind induced a strong surface flow into the bay and a deep, compensating counter current 
developed which lasted for at least 30 hours. This has been observed before except during 
strong westerly wind events when surface flow exits the bay and the deep counter current enters 
the bay (Roper et al. 1988; Pridmore and Rutherford 1990). The transition between the first 
and second modes of flow was almost instantaneous due to the relaxation of wind strength 
(Beaufort wind scale 1 to 2, Appendix H). The second mode of flow was characterised by 
out-flowing water at the top and bottom current meters and in-flowing at the bottom only. 
Export of water from Big Glory Bay is achieved through the dilution of water from 
Paterson Inlet travelling through the channels dividing the Bravo, Goat, Groper and Ulva 
Islands, mixing with water flowing from Big Glory Bay. Roper et al. (1988), Pridmore and 
Ruthe1ford (1990) and Pridmore and Rutherford (1992) observed that very little of the water 
that leaves Big Glory Bay escapes past Groper Island and as a result most will return on the 
next flood tide. This observation was consistent with flows observed at Site B (Fig. 3.13), at 
4, 10, 16 and 20 m (Fig. 3.11) and the initial part of the period monitored at Site A referred to 
as mode 1 (Fig. 3.13). The effect of wind of the surface can induce mixing if the waves are 
breaking. 
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Import of water into Big Glory Bay is achieved by the effect of baroclinic flow which 
impeded the ebb flow in the lower half of the water column. The progressive vector plot for 25 
m (Fig. 3 .11) indicates the affect of this which shows a tidal excursion of approximately 4000 
m. This enables the movement of predominantly coastal water into Big Glory Bay. A similar 
feature occurred during the Febmary 1997 sampling when there was only a minimal outflow 
effect during mode 2 at a depth of 26 m (Fig. 3 .18). 
5.2 Temporal sampling physical measurements 
The water column during the September 1996 temporal sampling sequence was 
generally well-mixed. The effect of the intmsion event increased the temperature, salinity and 
density of water in the entrance of Big Glory Bay. The plot of the current speed of the principle 
component (Fig. 3.7) and the temporal sampling sequence of temperature measurements (Fig. 
3.14A) are very similar due to the relationship between the origin of the water bodies, their 
relative temperatures and the affect on baroclinic flow. The intmsion of ACW would occur 
during most flood tides but whether it is mixed or not is dependent on surface conditions. 
The presence of ACW water that has been brought into the bay during the flood tide was 
indicated by profiles with a marked temperature, salinity and density increase towards the 
bottom of the profile which has been observed during the winter months (O'Callaghan 1995; 
Author's unpublished data and this study (Figs. 4.5, 4.6, 4.15 & 4.16)). The spatial 
distribution of these characteristics was associated with bathometry greater than 20 m in both 
Paterson Inlet and Big Glory Bay. 
The water column during the Febmary 1997 temporal sampling sequence was stratified 
with a thermocline situated between 5 and 9 metres (Fig. 3.19A). The body of water above the 
thermocline ranged in temperature from 14.0 to 14.6 °C. During flood tides, the less stratified 
waters outside of Big Glory Bay (Rhodes et al. 1995), periodically broke-up the stratification 
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during the temporal sampling sequence. Below the thermocline the water body was almost 
homogeneous and dropped to about 13.4 °C. 
Salinity ranged from 33.7 to 34.6 psu during the February temporal sampling sequence 
(Fig. 3 .19B) and compared well to the upper limit of salinity for waters inshore of the 
Southland Front which has been reported to be 34.6 psu (Chiswell 1996). This is a reflection 
of the minimal freshwater inflow, balanced by evaporation. 
Changes in density would occur on a seasonal cycle with higher values measured during 
the spring September temporal sampling sequence (26.25 to 26.75) than during the mid-
summer February sampling (25.10 to 25.95; Fig. 3.19C). 
5.3 Spatial sampling physical measurements 
The CTD profiles collected during the spatial survey conducted along a transect between 
the ACW and Big Glory Bay, exhibited a gradual increase in temperature and a decrease in 
salinity and density towards the upper reaches of Big Glory Bay (Fig. 4.23). This survey also 
illustrated that Big Glory Bay was more strongly stratified than the water column in Paterson 
Inlet or the ACW and the degree of stratification can be seen to break-up during the flood flows 
during the temporal sampling (Fig. 3.19). The structure of the water column in Big Glory Bay 
was similar to earlier observations rep01ied by Pearce and Peake (1993) and Rhodes et al. 
(1995). 
Sea surface temperatures ranged from 12.6 °C in the ACW to 15.4 °C in the upper 
reaches of Big Glory Bay. These measurements were lower than the 16.2 °C measured during 
the Heterosigma akashiwo bloom of January 1989 (Chang et al. 1990) but similar to the 
measurements made in Big Glory Bay by Pearce and Peake (1993) during the Emiliania huxleyi 
bloom. 
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5.4 Variation in nutrient measurements 
Fluctuation in nutrient concentration during the temporal sampling can be accounted for 
in a number of ways. Similar nutrient concentrations would be expected surrounding SW as 
water passes the stationary sampling point going one way would be sampled again going the 
other way. The high spatial variation of nutrient levels in the bay, as noted by Rutherford et al. 
(1988), would also contribute to fluctuation of nutrient levels as they pass the sampling point 
during the sampling sequence. There also appears to be a problem with TP measurements from 
February 1997 which are less than DRP measurements from the same period (Figs. 3.25 & 
3.26). This may be caused by an analytical problem. 
5.5 Nutrient ratios 
Higher levels of nitrate measured in water samples collected from the entrance of Big 
Glory Bay were evident during September 1996 (Figs. 3.20 & 3.21) compared to samples 
collected during the February 1997 sampling period (Figs. 3.25 & 3.26). This would be 
expected as available nutrients would be taken up by the increased biological productivity 
during the summer months. 
The comparison between the Redfield ratio and the relationship between nitrate and 
phosphate further illustrate the low N:P ratios. This suggests low levels of available nitrogen 
during the September 1996 and February 1997 samplings. Nitrogen has been previously 
identified as the nutrient in shortest supply in Big Glory Bay and therefore limits algal growth in 
these waters (Roper et al. 1988; Pridmore and Rutherford 1990; Pridmore and Rutherford 
1992). The present study may have under-estimated N:P ratios as some other important species 
such as nitrite and ammonia were either not included in this comparison or not measured. 
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5.6 Temporal sampling nutrient levels 
Nutrient levels during the intrusion event apparent during the September 1996 temporal 
sampling, exhibited an increase of DRP which suggests an external source of DRP (Fig. 3.20). 
The intruding water was lower in nitrite, TP and TN (Figs. 21, 22 & 24). The slow moving 
nature of this body of water (Fig. 3.7) may also compound the difference in nutrient 
measurements as the body of water would be sampled more frequently. 
During the stratified conditions of the February 1997 temporal sampling sequence, 
nitrate and TN concentrations (Figs 3.28 & 3.29) were higher below the thermocline. This 
increase of nitrate with depth may be due to reduced biological uptake due to low levels of light 
below the thermocline, sediment release or that the nitrate was brought into the bay via the 
flooding water. The thermocline would also act as a barrier separating the two sources of 
nutrients. The ve1tical differences between TN measurements at the surface and 20 m are 
reduced during the periods of in-flowing water (Fig. 3.29), because the water in Paterson Inlet 
is less stratified due to a greater depth of mixing (Fig. 3 .19). 
The progressive vector plot of water at 26 m illustrates how an external source of 
nitrogen can be quickly transp01ted into the bay through the cumulative effect of strong flood 
tides (Fig. 3 .18). A similar intrusion event occurred during the September 1996 temporal 
sampling period as shown by the ADCP measurements and the progressive vector plot at a 
depth of 25 m (Fig. 3.11). 
External nitrate sources for Big Glory Bay may include Paterson Inlet and the ACW. 
High levels of nitrate were measured by Pearce and Peake (1993) one mile off shore from the 
entrance of Paterson Inlet. Such high levels are not uncommon in this area with values as high 
as 50 µmol-(N)/1 reported by Bradford et al. (1991). Butler et al. (1992) reported a range of 
nitrate values of 3 to 9 µmol-(N)/1 in surface water offshore from Paterson Inlet. Nitrate levels 
103 
Chapter 5 Discussion and Recommendations for Further Study 
from Big Glory Bay measured by Pearce and Peake (1993) and Rhodes et al. (1995) reported a 
range of values from 0.71 to 8.87 µmol-(N)/1 during the E. huxleyi algal bloom of 1992. 
Gibbs and Vant ( 1997) noted the absence of nitrate in the upper layer of a stratified 
water column in Beatrix Bay (Marlborough Sounds) during the summer and through nutrient 
enhancement experiments showed that this layer was strongly nitrogen limited. The presence of 
nitrate in Big Glory Bay suggest an excess of nitrogen surplus to the requirements of 
phytoplankton. The source of this nitrogen may include activities associated with the operation 
of salmon farms or from the ACW. 
5.7 Nutrient concentration gradients 
A nutrient concentration gradient was observed along a transect from the ACW of 
Paterson Inlet to the upper reaches of Big Glory Bay contrary to the findings Pridmore and 
Rutherford (1992). With the transect beginning in the ACW, an increase of DRP, TP and TN 
towards the upper reaches of Big Glory Bay was evident. The increase of TN and TP would 
indicate increasing levels of phytoplankton biomass or productivity with a maximum level of 
production in Big Glory Bay. 
Nitrite levels exhibited a slight decrease in concentration along the transect from Big 
Glory Bay to the ACW (Table 4.3). The average for nitrite was 0.15 µmol (N)/1 in Big Glory 
Bay. Nitrite concentrations in Big Glory Bay measured by Pearce and Peake (1993) during an 
algal bloom were all less than 0.08 µmol (N)/1, which is considerably less than those measured 
for this study. Nitrate levels for this study exhibit a gradual decrease from the ACW to Big 
Glory Bay (Fig. 4.3) with a range of concentrations from 0.19 to 3.03 µmol (N)/1. This 
relationship has been previously noted by Pearce and Peake (1993) and Pridmore and 
Rutherford (1992). The decreasing nitrate and nitrite levels along the transect towards Big 
Glory Bay may suggest an increase in nutrient consumption due to the increased primary 
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productivity within Big Glory Bay. This is supported through the increased TN levels which 
exhibited minimum values in the ACW and maximum values in the upper reaches of Big Glory 
Bay (Fig 4.5). 
5.8 Spatial sampling nutrient levels 
DRP measurements from Big Glory Bay during September 1996 ranged from 0.17 to 
1.00 µmol-(P)/1 and exhibited an increase of DRP concentration with depth (Fig. 4.1). An 
increase of DRP concentration with depth has been observed previously in Big Glory Bay 
(Edwards 1988; Pearce and Peake 1993), Beatrix Bay and Pelorus Sound (Gibbs and Vant 
1997) but measurements of DRP were substantially higher. Edwards (1988) noted this increase 
of DRP with depth in both the control (mean 18 µmol-(N)/1) and cage sites in Big Glory Bay 
(mean 48 µmol-(P)/1) which were in a depth of 10 m. Pearce and Peake (1993) noted this 
relationship only in the in deeper water stations (25 m) with maximum values of 15.35 µmol-
(P)/1. 
Figure 5 .1 shows the relationship between average nutrient measurements for the 
various bodies of water during the two sampling periods. Average levels of DRP were lower 
during September compared to levels measured during February. Higher levels of DRP would 
be expected during the summer as during this period, phosphate is released into the water 
column (Van Raaphorst et al. 1988; Van Raaphorst and Kloosterhuis 1994). Nitrite levels for 
Big Glory Bay and Paterson Inlet were similar for both September and February. These latter 
measurements were lower than levels of nitrite from the ACW. Similar levels of nitrate were 
recorded for Big Glory Bay and Paterson Inlet during September and ACW during February. 
These latter measurements were significantly higher than levels during February in Big Glory 
Bay and Paterson Inlet. This maybe due to the higher levels of productivity and subsequent 
nutrient demand for the enclosed waters of Big Glory Bay. Big Glory Bay may also exhibit 
higher levels of dissolved nutrients than Paterson Inlet due to nutrient release from sediments 
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Figure 5.1: Average DRP, TP and nitrite levels (A) and nitrate and TN levels (B) for spatial 
sampling September 1996 and February 1997. 
and inputs from aquacultural activity. This is supported by the higher levels of TN in Big 
Glory Bay than Paterson Inlet. Levels of TN were higher in the ACW than in Paterson Inlet 
which maybe caused by replenishment from open ocean water. 
There is no evidence for accumulation of nutrients in Paterson Inlet from the results of 
the present study . Paterson Inlet is fairly well flushed with an estimated hydraulic residence 
time of 4 days (Pridmore and Rutherford 1992). 
5.9 Baroclinic flow 
The baroclinic movement of water into and out of Paterson Inlet and Big Glory Bay is 
event driven. The exposed ACW environment would be periodically subject to wind events 
which would mix the water column. The ACW wave energy regime would be greater than that 
of Big Glory Bay due to increased fetch, stronger currents and degree of exposure. During 
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periods of adverse weather, a density gradient between the surface water in the ACW water and 
Big Glory Bay would form which would induce baroclinic flow. Periods of reduced wind in 
the ACW would induce the development of stratification, reduce the density gradient and 
therefore restrict the flow of oceanic water into Paterson Inlet due to the 10 m sill between 
Paterson Inlet and ACW (Fig. 2.3, Station 3). The spatial survey along a transect from ACW 
to Big Glory Bay was conducted during strong north-easterly winds (Appendix H) and as the 
survey progressed towards Big Glory Bay, wind velocity and wave height decreased resulting 
in the increased levels of stratification in Big Glory Bay (Fig. 4.23). 
During the relaxation period observed during the September 1996 temporal sampling 
sequence (Fig. 3.14) the growing baroclinic flow (Fig. 3.8A) increased the ve1tical structure of 
the water column. 
Figure 5.2 illustrates profiles of horizontal density gradients for the three spatial 
surveys. The survey of Big Glory Bay (September 1996) exhibited the smallest overall rate of 
change in density, which is related to the well-mixed water column. The mid to upper reaches 
of Big Glory Bay (Fig. 2.2) showed almost no change throughout the water column. 
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Figure 5.2: Horizontal density gradients for the spatial surveys of Big Glory Bay (A; 4 
September 1996), Paterson Inlet (B; 3 to 4 February 1997) and a transect from 
ACW to the upper reaches of Big Glory Bay (C; 4 February 1997). 
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An estimate of circulation conditions for a well-mixed estuary can be made using a 
theoretical velocity profile due to the horizontal density gradient (Officer 1976, equation 4-98). 
For this equation density is constant with depth and increases from the estuary head to the 
ocean. The equation considers surf ace slope, the horizontal density gradient, the current 
velocity and eddy viscosity to be constant as a function of the longitudinal distance. This 
relationship gives: 
1 glh3 3 2 
Vx =- --(8n -9n +1) 
1 48 pNz 
where V x is the horizontal velocity at depth z; g is gravity; 'A, is the horizontal density gradient; 
p is mean density; n is z/h (total water depth); and Nz is the eddy viscosity. 
Eddy viscosity is a property of fluid flow which is a measure of the rate of vertical 
turbulent mixing and can be adjusted depending on the nature of the flow and the turbulence 
since there is no a priori way of constraining it (Geyer 1997). For this relationship an estimate 
for eddy viscosity of 0.028 m2 s-1 was used to match the calculated profiles with the observed 
profile. An estuary would have an eddy viscosity of about 0.005 m2 s- 1 (Officer 1976) but due 
to the minimal freshwater input (Table 1.2), the density would be predicted to be relatively 
uniform throughout Big Glory Bay and this would produce a low mixing gradient. 
Figure 5.3 compares the tidally-averaged velocity profile calculated from ADCP profiles 
over one tidal cycle in the entrance of Big Glory Bay (Fig. 3.9) and velocity profiles due to 
horizontal density gradients calculated using the approach described above. All calculated 
profiles exhibited a net circulation of water flowing from the bay in the upper portion of the 
water column and a net circulation of water flowing into the bay in the lower portion of the 
water column. This would be expected for estuarine circulation where the density gradient 
drives the current velocity profile and there is a minimal freshwater input (Officer 1976); The 
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calculated profiles were in good agreement with the observed profile of tidally-averaged ADCP 
data. Surface wind stress is assumed to be zero for this function which may account for the 






- !} + + 
~ + + + 
dlo + + -
~o + 
i8+ 
+di 0 - + Q,O + 















<.> . ACW-PI 
0 PI-BGB 
l!,. Outer-Mid PI 
• Mid-Upper PI 
- I I I I I 'I" I I I I 
-5 -4 -3 -2 - I 0 2 3 4 5 
Current Velocity (cm/sec) 
Figure 5 .3: Comparison of the observed tidally-averaged velocity profile from Figure 3. 9 
and calculated theoretical velocity profiles due to the horizontal density gradients. 
5.10 Nutrient exchange 
The calculated rate of nitrogen export to maintain equilibrium in Big Glory Bay was 500 
kg per tidal cycle (Appendix C). Calculations of nutrient flux during a tidal cycle from Big 
Glory Bay indicated a net expo1t of all nutrient species measured during the September 1996 
and February 1997 sampling periods (Table 3.3 and 3.4) . A total nitrogen loss of 165 kg 
(nitrate and nitrite) was estimated for September 1996 and similarly 112 kg for February 1997. 
Both these values are well below the equilibrium estimate of 500 kg. The export of TN during 
the tidal cycle monitored in September 1996 was 1869 kg with an average TN measurement of 
10.74 µmol- (N)/1. The corresponding February 1997 average for TN was 6.77 µmol- (N)/1 
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which was significantly lower although a reduction in phytoplankton biomass would be 
expected at this time of year (Figs. 1.6 & 1.7). 
Mussel farms in other areas have been shown to act as nitrogen sinks through increased 
microbial denitrification, mussel harvest and burial of organic nutrients (Kaspar et al. 1985; 
Gilbert et al. 1997). Wind driven circulation events such as the one observed during February 
1997 (Fig. 3.16) where water was forced in at the surface and out at the bottom would also 
contribute to an increase in nutrients exported from Big Glory Bay. The significance of these 
processes would reduce the calculated flux value of 500 kg per tidal cycle calculated in the 
present study for Big Glory Bay. Depending on the wind direction, these wind events may 
also bring nutrients into the bay from the ACW. 
The ADCP provides current flow information at the resolution required for the flux 
calculations and this instrument was used during the sampling in September 1996. Current 
meters moored at specific depths will not substitute the resolution of the data collected by the 
ADCP. This was demonstrated by the differences between data collected from the current 
meters moored at Sites A and B and the ADCP at Site C. Roper et al. 1988; Pridmore and 
Rutherford 1990 and Pridmore and Rutherford 1992 utilised current meter data from depths of 
5 and 12 min the main channel at the entrance of Big Glory Bay for modelling phytoplankto!l 
abundance. Their conclusions should therefore be questioned in light of the current variability 
and resolution of the ADCP measurements made during the present study. 
5.11 Conclusion 
The exchange of nutrients in Big Glory Bay exhibited a net export during stratified and 
well-mixed conditions. The higher levels of nutrients present in the water column during the 
September 1996 sampling exhibited higher levels of nutrient exchange. This period would 
balance the low levels of nutrient exchange experienced during the summer months. 
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The present study has shown that the accurate modelling of nutrient exchange in Big 
Glory Bay requires a sampling regime with fine resolution over a longer temporal scale than 
used in this study due to the effect of meteorological events on water movement into and out of 
the bay. The exchange of water from Big Glory Bay is driven by three forces, baroclinic flow, 
wind driven circulation and to a lesser extent, tidal flow. Wind and baroclinic flow can 
enhance tidal excursion distances through altering tidal rhythms or flow. Tidal movement 
essentially only displaces water forwards and backwards with some dilution. 
Well-mixed water which is maintained by wind-induced mixing in the ACW can enter 
Paterson Inlet and Big Glory Bay. Due to the relative densities of water in Paterson Inlet and 
Big Glory Bay, water from the adjacent coast will remain on the bottom of Paterson Inlet. This 
water is then trapped by the sill at the entrance of Paterson Inlet from the ACW and will remain 
there until subsequently mixed. During September this oceanic intrusion was characterised by 
warmer, higher salinity water that was higher in DRP and lower in nitrite than water in Big 
Glory Bay. 
During February 1997 the spatial survey transect from the ACW to the upper reaches of 
Big Glory Bay exhibited an increase in TN and a decrease of nitrate. This feature is 
characteristic of a productivity gradient which increases from the ACW to the upper reaches of 
Big Glory Bay. This survey also showed that the ACW had high levels of nitrate. This 
external supply of nutrients was able to enter Paterson Inlet because the water column was well-
mixed. Further addition of nitrogen will compound any existing eutrophic conditions that may . 
occur in Big Glory Bay. 
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5.12 Recommendations for Future Research 
To clarify the findings of this study it would be desirable to extend the monitoring 
period of the temporal sampling to more accurately determine nutrient flux. This study has 
revealed a variety of flow modes induced by wind and baroclinic flow which were not sampled 
for a sufficient duration to be conclusive about their influence on the exchange of nutrients for 
Big Glory Bay. The complexity of water flow into and out of Big Glory Bay has been 
demonstrated by the ADCP measurements made in the present study in September 1996. 
Therefore the use of multiple current meters would be ineffective for modelling flow for this 
bay. 
To increase the effectiveness of this type of research, the measurement of ammonia and 
urea should be conducted as it is a by-product of both salmon (Gowen and Bradbury 1987; 
Woodward 1989; Turnbull and Brash 1993) and mussel metabolism (Kaspar et al. 1985; 
MacKenzie 1998). Nutrient enhancement experiments could be conducted to clarify the nature 
of nutrient limitation for the phytoplankton of Big Glory Bay. Further investigations could also 
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Appendix A: Computational Methods 
(a) Conductivity Temperature Density Probe 
Processing of the downloaded CTD data involves using the Seasoft software package 
developed by Seabird Electronics for processing and displaying CTD data, The following 
sequence of software modules are used: 
1. DATCNV: Converts the raw data stored as a *.HEX file to engineering units and 
stores the converted data in a *.CNV file. The hexi-decimal files are converted using metric 
units in the following format: 
Column 1: Scan number 
Column 2: Depth, saltwater (m) 
Column 3: Salinity PSS-78 (PSU) 
Column 4: Descent rate (mis) 
Column 5: Temperature, ITS-90 (deg C) 
Column 6: Density, sigma-theta (kg/m3) 
Column 7: Conductivity (S/m) 
Column 8: Pressure (db) 
2. FILTER: Forces conductivity to have the same response as temperature. A low pass 
filter was used with a time constant of approximately 0.5 seconds. 
3. ALIGNCTD: Advances temperature relative to pressure by approximately 0.5 
seconds and advances conductivity relative to pressure by approximately -0.1 seconds. This 
enables the compensation for lags and spatial differences in the sensors. This adjustment varies 
with the rate of deployment. 
4. LOOPEDIT: Marks scans where the CTD is moving less than the minimum velocity 
due to ship roll. The present study used a rate of 0.2 m sec·1• 
5. BINAVG: Averages data into desired pressure or depth bins. Depth bins of one 
metre were used. 
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6. DERIVE: Uses the adjusted pressure, temperature, and conductivity values arising 
at the end of the above processing steps to compute oceanographic parameters such as depth, 
salinity and density. 
(b) Nutrient Concentration Estimation 
Peak height estimation and regression analysis 
Regression analysis was used to estimate concentrations of unknown samples. A Hewlett 
Packard®Integrated Chemstation software system was used to obtain and record 
chromatograms. Once an acceptable baseline was drawn, peak heights were calculated for 
standards and the regression equation obtained from these standards was then used to calculate 
sample concentrations. 
Conversion factors 
The raw data values for nutrient concentrations as displayed by the above Chemstation 
programme are expressed as units of mg of the respective element in each anion, e.g. N as 
NO,-, or Pas P04- per litre. To convert these values to units of µmol per litre it is necessary to 
divide the raw data by the respective atomic weight, e.g. for nitrate and nitrite divide by Mn = 
14.01. 
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Appendix B: Preparation of Reagents 
This Appendice outlines the preparation of reagents for nutrient determination using a 
ChemLab System 4 Segmented Flow Auto-analyser. All sample standards were mixed using a 
sodium chloride solution with a concentration of 30%0. This solution was also used as a wash 
for the auto-analyser. Sodium chloride blanks were tested periodically to monitor residual 
nutrient levels and mark chromatogram progress. 
(a) Nitrate and Nitrite 
Analytical grade reagents were used in all cases unless otherwise stated. A sodium chloride 




Ethylenediaminetetraacetic Acid (EDTA) Sodium Salt .. 
Milli-Q to make up to one litre 
Colour Reagent 
Sulfanilamide 
N-(1-Naphthyl)-ethylenediamine dihydrochloride (NED) 
Hydrochloric acid (Cone) 
23 Lauryl ether (Brij-35; 10% w/v) 








Add the acid to approximately 700 ml ofMilli-Q and then dissolve the sulfanilamide. Dissolve 
the NED and add the Brij-35. ·Makeup to 1 litre and store in an amber bottle at 0-4 °C. The 
solution was discarded if a slightly purple colour was evident. 
100 µg/ml N as Nitrite Stock Standard 
Potassium nitrite (dry) 
NaCl soln. 
0.607 ± 0.001 g 
to make up to one litre 
Daily No2• working standards are then prepared from this stock solution and were in the 
-I 
concentration range from 1 - 10 µg 1 . 
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20g 
2% Cupric Sulfate 
Cupric sulfate 
Milli-Q to make up to one litre 
Cadmium - Copper Reduction Column 
A glass column with a scintered glass end was packed with granulated cadmium. The column 
was activated by pumping through a solution of 10 % HCl for 10 minutes, Milli-Q for 10 
minutes and then 2 % cupric sulfate for 5 minutes. The reagents are then pumped through. 
100 µg/ml N as Nitrate Stock Standard 
Potassium nitrate (dry) 
NaCl soln. 
0.722 ± 0.001 g 
to make up to one litre 
Daily N03- working standards are then prepared from this stock solution and were in the 
-I 
concentration range from 20 - 100 µg I . 
(b) Dissolved Reactive Phosphorus (DRP) 
Analytical grade reagents were used in all cases unless otherwise stated. A sodium chloride 
standard was used for all autoanalyser reagents and procedures. 
Ammonium Molybdate 
Ammonium molybdate ((NH4) 6Mo7)i4.4H20) 
Milli-Q 
15 g 
to make up to one litre 
Ammonium molybdate solution was stored in a glass-stoppered bottle. The solution was 
discarded if a precipitate was formed. 
Potassium Antimony! Tartrate 
Potassium antimony! tartrate (KSbO.C4H40 6) 
Milli-Q 
1.1 g 
to make up to one litre 
This solution is stable for about two weeks and should be discarded if it develops a turbid 
appearance. Potassium antimony! tartrate was stored in a glass-stoppered bottle. 
Colour Reagent 
2.5 M Sulphuric acid 
Ammonium molybdate 








Preparation of Reagents 
1.lg 
to make up to 100 ml 
This solution was mixed in a 100 ml v9lumetric flask. All reagents were at room temperature 
prior to mixing and mixed in the order given above. If turbidity formed in the combined 
reagent, the solution was shaken and left to stand for a few minutes. This reagent was 
prepared daily and the flask was covered with tin foil to protect from direct light.. 
1 mg/ml P as Phosphate Stock Standard 
Potassium di-hydrogen phosphate 
NaCl soln. 
1.098 ± 0.001 g 
to make up to 250 ml 
Daily PO 4 3- working standards are then prepared from this stock solution and were in the 
-I 
concentration range from 5 - 20 µg 1 . 
(c) Total Phosphorus (TP) and Total Nitrogen (TN) 
Oxidation Reagents (OR) 
Potassium peroxy-disulfate 
Boric acid 
IM sodium hydroxide 




Dissolve potassium peroxy-disulfate and boric acid in sodium hydroxide and make up to 1 litre 
with Milli-Q water. Store in a brown bottle at room temperature and protect from direct light. 
Under these conditions the OR will be stable for up to six months. 
2.5% Ammonium Chloride 
Ammonium chloride 
Milli-Q 
lM Sodium Hydroxide 
Sodium hydroxide 
Milli-Q 
l mg/ml Phosphate Stock Standard 
Potassium di-hydrogen phosphate 
NaCl soln. 
25 g 
to make up to one litre 
40g 
to make up to one litre 
1.098 ± 0.001 g 
to make up to 250 ml 
TP working standards for each digestion are then prepared from this stock solution and were in 
-I 
the concentration range from 10 - 40 µg 1 . 
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100 µg/ml Nitrate Stock Standard 
Potassium Nitrate (dry) 
Milli-Q 
Preparation of Reagents 
0.722 ± 0.001 g 
to make up to one litre 
TN working standards for each digestion are then prepared from this stock solution and were in 
-I the concentration range from 50 - 100 µg l . 
Place 9 ml of sample or standard in Kimble screw cap teflon test tubes. Add 1.25 ml OR and 
screw on cap loosely. Autoclave at 15 psi for 33 minutes. Allow to cool to room temperature 
and add 2 ml Milli-Q water and mix thoroughly. TP can now be analysed. To analyse for TN, 
remove 1 ml into a clean test tube, add 0.1 ml 2.5 % ammonium chloride and 4 ml Milli-Q 
water. Mix thoroughly and analyse. 
Using the auto-analyser, TP was analysed using the phosphate line and TN was analysed using 
the nitrate line with a cadmium column attached. 
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Appendix C: Nitrogen Export 
Nitrogen production which includes rainfall, catchment run-off, fish excretion, and 
sediment release totals 333.5 tlyear based on 2400 tlyear of salmon production (See Table 1. 3). 
To maintain equilibrium in the Bay, approximately 1 t/day or 500 kg per tidal cycle of nitrogen 
(production over a tidal cycle), must be exported from the bay via the exchange of the tidal 
pnsm. 
Tidal prism# = Tidal range * Bay Area 
= 2.32 X 107 m 3 
# based on values for a spring tide 
~C = N Production over a tidal cycle I Tidal Prism 
= 21.6 mg m -3 
= 1.54 µmol-(N)/1 
Therefore to maintain equilibrium in Big Glory Bay 1.54 µmol-(N)/1 must be lost through 
export per tidal cycle. 
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Appendix D: Temporal Sampling Nutrient Data 
Temporal sampling was conducted from the 3 to 4 September 1996 and 5 to 6 February 
1997. Water samples for subsequent nutrient analysis were only collected on the 3 September 
1996 and 6 February 1997. The location of the sampling site is shown in Figure 2.1. Water 
samples for nutrient analysis were taken at half hour intervals at the specified depths. 
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Table 1: Summary of DRP concentrations from Big Glory Bay temporal sampling survey, 3 
Septembe~·, 1996 (Un_its = µmol-(P)/1). 
Sample Depth (m) 
Time 0 5 1 0 1 5 20 25 A\G 9= 
8:00 0.555 0.440 0.559 0.556 0.522 0.482 0.519 0.020 
8:30 0.561 0.566 0.562 0.564 0.574 0.553 0.563 0.003 
9:00 0.365 0.407 0.284 0.485 0.334 0.397 0.379 0.028 
9:30 0.453 0.372 0.479 0.489 0.274 0.413 0.041 
10:00 0.475 0.472 0.453 0.459 0.327 0.469 0.443 0.023 
10:30 0.494 0.493 0.439 0.475 0.397 0.394 0.449 0.019 
11 :00 0.337 0.491 0.446 0.422 0.490 0.487 0.445 0.025 
11 :30 0.488 0.556 0.404 0.382 0.389 0.444 0.034 
12:00 0.452 0.421 0.325 0.493 0.522 0.373 0.431 0.030 
12:30 0.363 0.499 0.302 0.458 0.460 0.451 0.422 0.030 
13:00 0.353 0.504 0.520 0.512 0.469 0.472 0.031 
13:30 0.430 0.520 0.528 0.344 0.507 0.496 0.471 0.029 
14:00 0.421 0.533 0.353 0.463 0.511 0.456 0.032 
14:30 0.526 0.360 0.420 0.493 0.496 0.459 0.030 
15:00 0.366 0.493 0.500 0.472 0.530 0.389 0.458 0.027 
15:30 0.507 0.348 0.371 0.434 0.415 0.036 
16:00 0.436 0.294 0.312 0.498 0.459 0.400 0.041 
16:30 0.460 0.344 0.392 0.343 0.331 0.542 0.402 0.034 
17:00 0.557 0.562 0.599 0.521 0.622 0.595 0.576 0.015 
17:30 0.593 0.604 0.551 0.582 0.638 0.576 0.591 0.012 
18:00 0.528 0.411 0.480 0.596 0.521 0.507 0.030 
18:30 0.419 0.678 0.436 0.576 0.422 0.506 0.052 
19:00 0.500 0.443 0.410 0.577 0.486 0.588 0.501 0.029 
19:30 0.451 0.426 0.678 0.507 0.424 0.497 0.048 
20:00 0.592 0.478 0.616 0.567 0.544 0.559 0.024 
20:30 0.441 0.438 0.583 0.623 0.521 0.048 
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Table 2: Summary of nitrite concentrations from Big Glory Bay temporal sampling survey, 
3 September, 1996 (Units= µmol-(N)/1). 
Sample Depth (m) 
Time 0 5 1 0 1 5 20 25 AVG SE 
8:00 0.144 0. 117 0.178 0. 121 0.179 0.139 0.146 0.011 
8:30 0.147 0.170 0.142 0.182 0.128 0.126 0.149 0.009 
9:00 0.304 0.337 0.726 0.231 0.539 0.512 0.441 0.075 
9:30 0.495 0.641 0.248 0.305 0.450 0.428 0.070 
10:00 0.243 0.319 0.371 0.484 0.185 0.395 0.333 0.044 
10:30 0.225 0.585 0.252 0.459 0.324 0.420 0.378 0.056 
11: 00 0.331 0.267 0.420 0.262 0.327 0.230 0.306 0.028 
11: 30 0.246 0.502 0.201 0.740 0.158 0.370 0 .11 0 
12:00 0.389 0.355 0.403 0.380 0.254 0.309 0.348 0.023 
12:30 0.41 9 0.391 0.296 0.234 0.367 0.234 0.323 0.033 
13:00 0.139 0.577 0.593 0.293 0.293 0.379 0.089 
13:30 0.245 0.252 0.385 0.159 0.378 0.246 0.278 0.036 
14:00 0.413 0.367 0.246 0.357 0.185 0.314 0.042 
14:30 0.224 0.134 0.236 0.488 0.452 0.307 0.069 
15:00 0.198 0.192 0.570 0.271 0.416 0.160 0.301 0.066 
15:30 0.290 0.309 0.368 0.313 0.267 0.337 0.314 0.014 
16:00 0.358 0.364 0.348 0.266 0.260 0.319 0.023 
16:30 0.346 0.343 0.171 0.078 0.446 0.557 0.323 0.072 
17:00 0.162 0. 131 0.182 0.122 0.179 0.173 0.158 0.010 
17:30 0.194 0.140 0.174 0.209 0.197 0.226 0.190 0.012 
18:00 0.204 0.092 0.157 0.213 0.172 0.168 0.021 
18:30 0.229 0.222 0.122 0.197 0.201 0.194 0.019 
19:00 0.232 0.038 0 .116 0.228 0.155 0.152 0.154 0.030 
19:30 0.129 0.066 0.214 0.072 0.148 0.126 0.027 
20:00 0.132 0.165 0.270 0.268 0.160 0.199 0.029 
20:30 0. 11 8 0.193 0.144 0.173 0.157 0.016 
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Table 3:. Summary of nitrate concentrations from Big Glory Bay temporal sampling survey, 
3 September, 1996 (Units= µmol-(N)/1). 
Sample Depth (rn) 
Time O 5 1 0 1 5 20 25 AVG SE 
8:00 3.708 3.7 3.578 3.781 3.617 3.167 3.592 0.09 
8:30 3.577 3.769 3.509 3.49 3.475 4.042 3.644 0.091 
9:00 3.627 4.031 3.456 4.481 4.046 3.939 3.93 0.147 
9:30 4.374 4.021 4.636 4.094 4.573 4.34 0.124 
10:00 4.236 7.559 2.927 4.032 2.738 4.229 4.287 0.708 
10:30 4.306 3.792 4.011 3.169 4.128 3.494 3.817 0.173 
11 :00 3.568 3.352 4.003 4.064 4.74 4.218 3.991 0.201 
. 11 :30 2.929 3.654 3.493 3.262 3.035 3.274 0.136 
12:00 4.572 2.861 3.568 4.438 4.212 3.812 3.911 0.26 
12:30 2.998 4.217 3.678 4.142 2.475 3.434 3.49 0.275 
13:00 3.396 3.916 3.861 4.444 4.416 4.007 0.195 
13:30 3.57 3.943 4.56 3.33 4.875 4.479 4.092 0.248 
14:00 4.682 4.269 3.415 4.496 4.17 4.206 0.217 
14:30 4.324 3.223 3.454 3.649 4.55 3.84 0.255 
15:00 3.402 3.75 4.232 4.783 4.481 3.699 4.058 0.215 
15:30 5.036 4.65 3.127 3.421 6.236 4.494 0.564 
16:00 4.262 4.08 4.219 3.288 3.1 0.228 
16:30 4.232 4.194 4.04 2.914 3.943 4.844 4.028 0.257 
17:00 3.617 3.295 3.615 3.659 3.971 4.119 3.713 0.119 
17:30 4.307 3.608 3.66 4.113 5.022 5.073 4.297 0.261 
18:00 3.455 3.258 3.573 4.961 4.002 3.85 0.303 
18:30 3.895 4.673 3.227 4.366 3.271 3.887 0.288 
19:00 5.355 2.631 2.859 4.029 4.208 4.317 3.9 0.412 
19:30 3.712 2.762 4.175 4.257 3.853 3.752 0.267 
20:00 4.044 3.977 4.306 4.009 4.673 4.202 0.132 
20:30 3.689 3.296 4.335 5.147 4.117 4. 11 7 0.313 
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Table 4: Summary of TP com;entrations from Big Glory Bay temporal sampling survey, 3 
September, 1996 (Units= µmol-(P)/1). 
Sample Depth (m) 
Time 0 5 1 0 1 5 20 25 A\XJ 9= 
8:00 0.722 0.708 0.854 0.890 0.856 0.806 0.038 
8:30 0.828 0.693 1.526 0.801 0.883 0.886 0.936 0.122 
9:00 0.790 0.847 0.687 0.766 0.710 0.713 0.752 0.025 
9:30 0.857 0.904 0.826 0.782 0.713 0.817 0.033 
10:00 0.871 0.612 0.809 1.134 0.817 1.031 0.879 0.075 
10:30 0.810 0.895 1.005 0.730 1.032 0.760 0.872 0.052 
11 :00 0.894 0.775 0.739 0.844 0.752 0.773 0.796 0.024 
11 :30 0.557 0.722 0.657 0.510 0.636 0.617 0.037 
12:00 0.572 0.419 0.484 0.493 0.415 0.514 0.483 0.024 
i 2:30 0.596 0.717 0.454 0.795 0.486 0.781 0.638 0.061 
13:00 0.603 0.516 0.350 0.336 0.516 0.464 0.052 
13:30 0.536 0.464 0.524 0.262 0.608 0.410 0.467 0.049 
14:00 0.439 0.333 0.378 0.615 0.441 0.062 
14:30 0.446 0.363 0.481 0.609 0.531 0.486 0.041 
15:00 0.463 0.315 0.367 0.465· 0.393 0.495 0.416 0.028 
15:30 0.589 0.385 0.322 0.847 0.714 0.571 0.098 
16:00 0.496 0.328 0.795 0.329 0.379 0.465 0.088 
16:30 0.324 0.459 0.450 0.463 0.330 0.405 0.032 
17:00 0.347 0.830 0.490 0.763 0.864 0.713 0.668 0.084 
17:30 0.637 0.263 0.465 0.547 2.392 0.495 0.800 0.322 
18:00 0.430 0.747 0.348 0.525 0.333 0.477 0.076 
18:30 0.307 0.456 0.762 0.303 0.604 0.44·3 0.479 0.073 
19:00 0.407 0.481 0.648 0.621 0.375 0.249 0.464 0.062 
19:30 0.828 0.397 0.183 0.312 0.379 0.420 0.109 
20:00 0.752 1.407 0.763 0.271 0.478 0.734 0.192 
20:30 1.671 0.467 0.349 0.549 0.759 0.307 
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Table 5: Summary of TN concentrations from Big Glory Bay temporal sampling survey, 3-4 
September, 1996 (Units= µmol-(N)/1). 
Sample Depth (m) 
Time 0 5 1 0 1 5 20 25 AVG SE 
8:00 14.284 14. 148 14.095 13.087 14.919 11 .998 13. 755 0.426 
8:30 13.649 16.584 16.032 11.391 16. 737 16.468 15.143 0.885 
9:00 15.482 17.001 15.018 14.339 14.762 15.320 0.459 
9:30 13.613 13.586 16.550 14.979 13.679 14.482 0.580 
10:00 14.174 16.453 12.879 15.714 11.355 17.730 14.718 0.967 
10:30 12.675 16.010 14.826 16.064 11.407 13.335 14.053 0.772 
11 :00 12.832 13.875 16.381 16.821 14. 729 15.243 14.980 0.614 
11 :30 11 .203 12.062 8.098 6.579 9.653 9.519 1.000 
12:00 10.472 9.945 8.190 6.249 11.000 7.339 8.866 0.773 
12:30 8.230 6.092 7.508 6.896 10.662 7.690 7.846 0.638 
13:00 6.970 7.556 9.790 6.761 6.865 7.588 0.567 
13:30 8.342 8.318 8.060 18.435 7.674 19 .198 11.671 2.264 
14:00 11 .880 10.361 7.344 11 .889 10.368 1.070 
14:30 9.165 7.525 9.096 11.681 9.764 9.446 0.670 
15:00 7.263 8.115 8.746 6.299 10.165 6.605 7.866 0.592 
15:30 7.101 7.467 9.334 14. 777 5.680 8.872 1.587 
16:00 7.625 6.405 13.386 8.914 8.536 8.973 1.185 
16:30 6.486 10.935 9.539 7.956 6.220 7.917 8.175 0.736 
17:00 6.190 16.435 10.136 14.446 13.465 12.392 12.177 1.472 
17:30 7.513 9.386 8.560 13.191 13.573 6.591 9.802 1.197 
18:00 6.710 15.269 8.251 7.420 7.783 9.087 1.566 
18:30 7.736 11 .497 12.342 7.032 6.249 10.274 9.188 1.030 
19:00 6.636 6.425 12.909 9.681 7.270 9.437 8.726 1 .012 
19:30 8.368 5.911 6.227 7.609 7.029 0.579 
20:00 13.831 13.137 6.962 8.510 10.610 1.695 
20:30 13.040 14.030 8.366 8.135 10.893 1.540 
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Table 6: Summary of DRP data from Big Glory Bay temporal sampling survey, for 6 
February 1997 (Units= µmol-(P)/1) .. 
Time Sample Depth (m) 
0 5 1 0 1 5 20 25 30 AVG SE 
8:30 0.354 0.383 0.404 0.526 0.548 0.526 0.457 0.035 
9:00 0.422 0.403 0.419 0.360 0.390 0.611 0.434 0.037 
9:30 0.267 0.495 0.395 0.533 0.642 0.466 0.064 
10:00 0.492 0.327 0.525 0.508 0.521 0.508 0.480 0.031 
10:30 0.525 0.495 0.479 0.499 0.521 0.352 0.479 0.026 
11: 00 0.475 0.479 0.518 0.351 0.315 0.497 0.439 0.035 
11: 30 0.340 0.492 0.462 0.377 0.486 0.527 0.447 0.030 
12:00 0 .511 0.545 0.524 0.345 0.550 0.566 0.507 0.033 
12:30 0.412 0.400 0.379 0.530 0.554 0.523 0.466 0.032 
13:00 0.314 0.495 0.367 0.348 0.366 0.551 0.407 0.038 
13:30 0.499 0.472 0.256 0.321 0.555 0.421 0.056 
14:00 0.290 0.308 0.501 0.449 0.525 0.533 0.434 0.044 
14:30 0.458 0.329 0.467 0.270 0.414 0.295 0.372 0.035 
15:00 0.498 0.271 0.460 0.538 0.505 0.480 0.459 0.039 
15:30 0.448 0.522 0.214 0.431 0.509 0.554 0.446 0.050 
16:00 0.476 0.453 0.483 0.373 0.278 0.407 0.412 0.032 
16:30 0.444 0.329 0.447 0.250 0.573 0.618 0.443 0.057 
17:00 0.478 0.229 0.413 0.351 0.481 0.534 0.414 0.045 
17:30 0.339 0.488 0.168 0.524 0.530 0.582 0.438 0.064 
18:00 0.439 0.656 0.625 0.429 0.442 0.518 0.050 
18:30 0.376 0.257 0.548 0.366 0.594 0.584 0.454 0.057 
19:00 0.486 0.503 0.571 0.338 0.356 0.636 0.482 0.048 
19:30 0.301 0.323 0.353 0.480 0.486 0.438 0.397 0.033 
20:00 0.264 0.193 0.497 0.579 0.629 0.194 0.393 0.081 
20:30 0.304 0.404 0.555 0.562 0.482 0.443 0.458 0.040 
21 :00 0.441 0.460 0.595 0.504 0.635 0.527 0.038 
21 :30 0.305 0.518 0.552 0.595 0.669 0.528 0.061 
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Table 7: Summary of nitrite data from Big Glory Bay temporal sampling survey, for 6 
February 1997 (Units= µmol-(N)/1). 
Sample Depth (m) 
Time 0 5 1 0 1 5 20 25 30 AVG SE 
8:30 0.002 0.033 0.019 0.180 0.050 0.029 0.052 0.026 
9:00 0.042 0.125 0.102 0.006 0.077 0.070 0.021 
9:30 0.043 0.127 0.013 0.104 0.121 0.082 0.023 
10:00 0.145 0.061 0.096 0.002 0.071 0.075 0.023 
10:30 0.182 0.062 0.090 0.058 0.077 0.094 0.023 
11: 00 0.102 0.015 0.079 0.056 0.057 0.051 0.060 0.012 
11: 30 0.044 0.055 0.035 0.098 0.082 0 .113 0.071 0.013 
12:00 0.091 0.022 0.058 0.149 0.110 0.022 0.075 0.021 
12:30 0.047 0.225 0.075 0.026 0.102 0.185 0.11 0 0.032 
13:00 0.048 0.009 0.134 0.163 0.075 0.251 0 .113 0.036 
13:30 0.055 0.076 0.083 0.006 0.055 0.017 
14:00 0.102 0.008 0.055 0.148 0.101 0.083 0.024 
14:30 0.005 0.031 0.160 0.068 0.070 0.067 0.026 
15:00 0. 114 0.014 0.045 0.029 0. 141 0.084 0.071 0.021 
15:30 0 .11 0 0 .114 0.001 0.020 0.085 0.045 0.062 0.019 
16:00 0.094 0.035 0.060 0.090 0.041 0.069 0.065 0.010 
16:30 0.099 0.137 0.035 0.076 0.062 0.029 0.073 0.017 
17:00 0.008 0.041 0.099 0.079 0.094 0.147 0.078 0.020 
17:30 0.075 0.085 0.062 0.203 0.117 0.056 0.100 0.022 
18:00 0. 111 0.148 0.043 0.196 0.126 0.125 0.025 
18:30 0.086 0.010 0.074 0.074 0.126 0.183 0.092 0.024 
19:00 0.042 0.012 0.090 0.124 0.099 0.175 0.090 0.024 
19:30 0 .11 0 0.054 0.048 0.151 0.258 0.156 0.129 0.032 
20:00 0.099 0.062 0.154 0.085 0.148 0.130 0. 113 0.015 
20:30 0.043 0.188 0.099 0.044 0.199 0.109 0 .114 0.028 
21 :00 0.133 0.094 0.064 0.044 0.140 0.139 0.102 0.017 
21 :30 0.236 0. 131 0.199 0.109 0.122 0.055 0.142 0.027 
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Table 8: Summary of nitrate data from Big Glory Bay temporal sampling survey_, for 6 
February 1997 (Units= µmol-(N)/1). 
Sample Depth (m) 
Time 0 5 1 0 1 5 20 25 30 AVG SE 
8:30 1 .451 0.666 0.645 0.759 0.898 1.346 0.961 0.144 
9:00 0.206 1.384 0.879 1.016 0.902 0.877 0.191 
9:30 0.389 0.213 0.864 1.170 2.488 1.025 0.403 
10:00 0.147 0.349 0.315 0.911 1.167 0.578 0.196 
10:30 0.104 0.565 0.334 0.754 0.817 0.515 0.133 
11 :00 2.429 0.642 0.765 0.484 0.750 0.662 0.955 0.298 
11 :30 0.262 0.626 0.671 1.371 0.824 0.793 0.758 0.147 
12:00 0.280 0.403 0.569 1.223 1.672 1.047 0.866 0.220 
12:30 0.187 0.642 0.405 0.872 0.054 2.019 0.696 0.291 
13:00 0.279 2.463 0.021 0.493 0.807 1.406 0.911 0.367 
13:30 0.327 0.898 0.900 0.769 0.724 0.136 
14:00 0.291 1.392 0.470 0.679 0.796 0.726 0.188 
14:30 0.207 0.592 0.786 0.705 0.773 0.613 0.107 
15:00 0.340 0.196 1.444 0.849 1.257 0.937 0.837 0.201 
15:30 0.820 0.258 0.313 0.577 1.022 1.280 0.712 0.165 
16:00 0.142 0.122 0.200 0.690 1.010 0.841 0.501 0.161 
16:30 1 .1 61 0.699 0.425 1.343 1.317 1 .171 1.019 0.152 
17:00 0.248 0.840 1.401 0.632 1.108 1.755 0.997 0.221 
17:30 0.524 0.614 0.996 1.052 2.302 1.406 1.149 0.265 
18:00 1.055 2.464 2.191 2.215 0.910 1.767 0.325 
18:30 0.672 0.487 1.248 0.799 1.409 1.496 1.019 0.172 
19:00 0.185 0.837 1 .119 1.516 2.545 1.788 1.332 0.333 
19:30 0.551 0.226 0.558 1.145 0.640 0.606 0.621 0.121 
20:00 0.192 0.105 0.752 0.900 1.288 0.647 0.222 
20:30 0.345 0.337 1.029 0.919 0.853 0.861 0.724 0.124 
21 :00 0.433 1.465 0.238 1.352 1.196 1.501 1.031 0.226 
21 :30 1.097 2.529 1.244 2.146 1.524 1.708 0.273 
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Table 9: Summary of TP data from Big Glory Bay temporal sampling survey, for 6 February 
1997 (Units= µmol-(P)/1). 
Time 0 20 AVG SE 
8:30 0.250 0.330 0.290 0.040 
9:00 0.249 0.310 0.280 0.031 
9:30 0.283 0.337 0.310 0.027 
10:00 0.196 0.462 0.329 0.133 
10:30 0.402 0.136 0.269 0.133 
11: 00 0.409 0.324 0.366 0.042 
11 :30 0.348 0.302 0.325 0.023 
12:00 0.059 0.186 0.122 0.064 
12:30 0.288 0.750 0.519 0.231 
i 3:00 0.235 0.708 0.471 0.237 
13:30 0.390 0.513 0.451 0.061 
14:00 0.329 0.027 0.178 0. 151 
14:30 0.321 0.405 0.363 0.042 
15:00 0.547 0.099 0.323 0.224 
15:30 d.188 0.057 0.123 0.065 
16:00 0. 113 0.168 0.140 0.028 
16:30 0.024 0.057 0.040 0.017 
17:00 0.299 0.429 0.364 0.065 
17:30 0.184 0.082 0.133 0.051 
18:00 0.488 0.334 0 .411 0.077 
18:30 0.187 0.397 0.292 0.105 
19:00 0.166 0.367 0.267 0.100 
19:30 0.400 0.485 0.442 0.042 
20:00 0.362 0.389 0.375 0.014 
20:30 0.466 0.301 0.384 0.082 
136 
Appendix D Temporal Sampling Nutrient Data 
Table 10: Summary of TN data from Big Glory Bay temporal sampling survey, for 6 
February 1997 (Units= µmol-(N)/1). 
Time 0 20 AVG S::: 
8:30 6.728 11. 109 8.918 2.190 
9:00 7.323 7 .271 7.297 0.026 
9:30 11 .032 9.841 10.437 0.596 
10:00 5.386 6.782 6.084 0.698 
10:30 8.808 10.264 9.536 0.728 
11 :00 4.236 7.845 6.040 1.805 
11 :30 6.218 6.772 6.495 0.277 
12:00 5.814 6.966 6.390 0.576 
12:30 13.322 9.411 11 .366 1.955 
13:00 7.915 6.811 7.363 0.552 
13:30 3.566 6.592 5.079 1.513 
14:00 3.978 7 .116 5.547 1.569 
14:30 3.512 5.633 4.572 1.060 
15:00 3.975 6.935 5.455 1.480 
15:30 9.538 6.495 8.017 1.521 
16:00 5.287 6.791 6.039 0.752 
16:30 5.659 8.897 7.278 1.619 
17:00 4.289 5.113 4.701 0.412 
17:30 5.548 7.888 6.718 1.170 
18:00 2.742 6.891 4.816 2.074 
18:30 5.686 6.013 5.849 0.163 
19:00 5.106 6.267 5.686 0.580 
19:30 5.253 5.471 5.362 0.109 
20:00 6.940 9.596 8.268 1.328 
20:30 5.615 5.832 5.723 0.108 
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Appendix E: Big Glory Bay Spatial Survey Data 
This survey was conducted on the 4 September 1996 and consisted of 15 stations 
distributed around Big Glory Bay and 2 stations in Paterson Inlet adjacent to Big Glory Bay. 
The location of the station sites is shown by Figure 2.2. The temperature, salinity and 
conductivity data presented in Figures 1 to 16 was collected using a CTD profiler. No CTD 
data was retrieved from Station 1. Nutrient data is presented in Table 1. 
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Figure 1: Temperature, salinity and density profiles for Station 2, Paterson Inlet, 4 
September 1996. 
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Figure 3: Temperature, salinity and density profiles for Station 4, Big Glory Bay, 4 
September 1996. 
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Figure 5: Temperature, salinity and density profiles for Station 6, Big Glory Bay, 4 
September 1996. 
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Big Glory Bay Spatial Survey Data 
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Figure 7: Temperature, salinity and density profiles for Station 8, Big Glory Bay, 4 
September 1996. 
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Figure 9: Temperature, salinity and density profiles for Station 10, Big Glory Bay, 4 
September 1996. 
Temperature (deg C) Salinity (PSU) Density (kg/ml\3) 
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Figure 10: Temperature, salinity and density profiles for Station 11, Big Glory Bay, 4 
September 1996. 
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Figure 11: Temperature, salinity and density profiles for Station 12, Big Glory Bay, 4 
September 1996. 
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Figure 12: Temperature, salinity and density profiles for Station 13, Big Glory Bay, 4 
September 1996. 
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Temperature (deg C) Salinity (PSU) Density (kg/mA3) 
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Figure 14: Temperature, salinity and density profiles for Station 15, Big Glory Bay, 4 
September 1996. 
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Figure 15: Temperature, salinity and density profiles for Station 16, Big Glory Bay, 4 
September 1996. 
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Figure 16: Temperature, salinity and density profiles for Station 17, Big Glory Bay, 4 
September 1996. 
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Table 1: Summary of Big Glory Bay spatial survey nutrient data from 4 September, 1996 
(Units= µmol-(atom)/1). 
Nitrite Nitrate DRP 
Station AVG Smface Bottom AVG Surface Bottom AVG Surface Bottom 
1 0.132 0.124 0.140 3.893 3.814 3.971 0.457 0.433 0.457 
2 0.088 0.074 0.101 2.974 2.851 3.098 0.452 0.429 0.475 
3 0.206 0.182 0.230 4.359 3.694 5.023 0.599 0.593 0.605 
4 0.125 0.128 0.123 3.441 3.346 3.536 0.524 0.538 0.510 
5 0.139 0.115 0.162 3.328 2.978 3.678 0.466 0.490 0.441 
6 0.098 0.099 0.098 3.079 3.041 3.117 0.480 0.500 0.460 
7 0.136 0.136 0.137 3.154 3.355 2.953 0.471 0.454 0.487 
8 0.108 0.058 0.157 3.018 2.629 3.408 0.542 0.482 0.601 
9 0.054 0.060 0.048 2.434 2.281 2.586 0.439 0.437 0.442 
10 0.065 0.100 0.031 2.638 3.031 2.246 0.451 0.459 0.443 
11 0.114 0.078 0.150 2.492 2.387 2.597 0.442 0.447 0.436 
12 0.129 0.160 0.098 3.053 2.676 3.430 0.490 0.431 0.549 
13 0.098 0.102 0.093 2.787 2.626 2.949 0.428 0.406 0.449 
14 0.090 0.064 0.117 2.679 2.325 3.033 0.474 0.426 0.521 
15 0.077 0.049 0.072 2.767 2.537 3.068 0.461 0.451 0.471 
16 0.053 0.066 0.040 2.384 2.519 2.249 0.451 0.448 0.454 
17 0.113 0.150 0.075 2.793 3.134 2.452 0.499 0.518 0.480 
AVG 0.107 0.103 0.110 3.016 2.896 3.141 0.478 0.467 0.487 
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Appendix F: Paterson Inlet Spatial Survey Data 
The spatial survey of Paterson fulet was conducted from the 3 to 4 February 1997 and 
consisted of 13 stations positioned around the inlet (Fig. 2.3). The temperature, salinity and 
density data presented in Figures 1 to 13 was collected using a CTD profiler. Nutrient data is 
listed in five separate tables for each nutrient species measured. 
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Figure 1: Temperature, salinity and density profiles for Station 1 in the 'Upper' section of 
Paterson Inlet, 3 February 1997. 
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Figure 2: Temperature, salinity and density profiles for Station 2 in the 'Upper' section of 
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Figure 3: Temperature, salinity and density profiles for Station 3 in the 'Upper' section of 
Paterson Inlet, 3 February 1997. 
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Figure 4: Temperature, salinity and density profiles for Station 10 in the 'Upper' section of 
Paterson Inlet, 4 February 1997. 
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Temperature (deg C) Salinity (PSU) Density (kg/mA3) 
0 0 0 




6 i 6 






12 j 12 

























12 14 16 33 34 35 24 25 26 27 
Figure 5: Temperature, salinity and density profiles for Station 11 in the 'Upper' section of 
Paterson Inlet, 4 February 1997. 
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Figure 6: Temperature, salinity and density profiles for Station 7 in the 'Mid' section of 
Paterson Inlet, 4 February 1997. · 
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Figure 7: Temperature, salinity and density profiles for Station 8 in the 'Mid' section of 
Paterson Inlet, 4 February 1997. 
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Figure 8: Temperature, salinity and density profiles for Station 9 in the 'Mid' section of 
Paterson Inlet, 4 February 1997. 
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Figure 9: Temperature, salinity and densjty profiles for Station 12 in the 'Mid' section of 
Paterson Inlet, 4 February 1997. 
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Figure 10: Temperature, salinity and density profiles for Station 4 in the 'Outer' section of 
Paterson Inlet, 4 February 1997. 
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Temperature (deg C) Salinity (PSU) Density (kg/m113) 
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Figure 11: Temperature, salinity and density profiles for Station 5 in the 'Outer' section of 
Paterson Inlet, 4 February 1997. 
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Figure 12: Temperature, salinity and density profiles for Station 6 in the 'Outer' section of 
Paterson Inlet, 4 February 1997. 
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Figure 13: Temperature, salinity and density profiles for Station 13 in the 'Outer' section of 





























Table 1: Summary of DRP data from the statial survey of Paterson Inlet, 3 to 4 Febmary 1997 (Units= µmol-(P)/1). 
Depth 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 
( m) 
0 0.574 0.540 0.524 0.606 0.451 0.419 0.456 0.531 0.498 0.539 0.462 0.521 0.483 
5 0.289 0.471 0.558 0.546 0.427 0.513 0.521 0.512 0.364 0.465 0.479 0.532 0.550 
1 0 0.509 0.579 0.531 0.554 0.522 0.380 0.573 0.509 0.540 0.528 0.545 0.540 
1 5 0.745 0.668 0.614 0.377 0.444 0.452 0.642 0.369 0.538 0.573 0.548 
20 0.560 0.355 0.577 0.771 0.620 
25 0.527 
AV3. 0.529 0.559 0.569 0.561 0.452 0.474 0.483 0.523 0.464 0.515 0.502 0.588 0.548 
STDEV 0.189 0.100 0.038 0.040 0.074 0.051 0.066 0.106 0.093 0.043 Q.037 0.104 0.049 














































Summary of TP data from the statial survey of Paterson Inlet, 3 to 4 February 1997 (Units= µmol-(P)/1). 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 
0.527 0.397 0.211 0.290 0.382 0.324 0.390 0.477 0.359 0.647 0.481 0.473 0.337 
0.435 0.381 0.273 0.413 0.489 0.472 0.366 0.416 0.193 0.307 0.453 0.491 
0.435 0.176 0.288 0.378 0.247 0.342 0.306 0.453 0.323 0.300 0.312 0.444 
0.200 0.285 0.211 0.337 0.353 0.297 0.313 0.460 0.457 0.171 0.311 
0.316 0.398 0.314 0.982 0.397 
0.655 
0.399 0.354 0.218 0.330 0.380 0.349 0.408 0.365 0.400 0.387 0.386 0.478 0.396 
0.140 0.061 0.040 0.071 0.067 0.093 0.126 0.097 0.063 0.234 0.096 0.307 0.074 















































Summary of nitrite data from the statial survey of Paterson Inlet, 3 to 4 February 1997 (Units= µmol-(N)/1). 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 
0.069 O .161 0.196 0.162 0.093 0.108 0.079 0.156 0.123 0.056 0.220 0.089 
0.408 0.087 0.486 0.083 0.098 0.159 0.120 0. 111 0.043 0.094 0.079 0.163 
0.109 0.156 0.280 0.109 0. 111 0.077 0.144 0.066 0.049 0.096 0.066 0.094 
0.097 0.189 0.148 0.125 0.096 0.055 0.109 0.120 0.120 0.070 
0.188 0.108 0.108 0.238 0.053 
0.177 
0.171 0.146 0.247 0.175 0.106 0.138 0.108 0 .111 0.113 0.072 0.092 0.151 0.094 
0.159 0.053 0.161 0.099 0.014 0.042 0.042 0.026 0.037 0.045 0.026 0.091 0.042 










































Summary of nitrate data from the statial survey of Paterson Inlet, 3 to 4 February 1997 (Units= µmol-(N)/1). 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 
0.772 0.773 1.036 0.468 0.315 0.218 1.524 0.696 0.116 0.365 0.294 
0.210 0.769 0.177 1 .071 0.477 0.477 0.321 0.281 0.204 1.298 0.255 0.241 
0.639 0.116 0.371 0.067 0.343 0.242 0.291 0.314 0.355 0.506 0.352 
0.989 0.851 0.322 0.146 0.545 0.180 0.849 1.081 0.149 0.276 
0.359 0.764 2.229 1 .219 
1.334 
0.653 0.797 0.205 0.826 0.289 0.455 0.458 0.449 0.915 0.405 0.479 0.839 0.476 
0.328 0.046 0.106 0.394 0.214 0.103 0.434 0.348 0.520 0.258 0.556 0.933 0.417 












































Summary of TN data from the statial survey of Paterson Inlet, 3 to 4 February 1997 (Units = µmol-(N)/1) 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 
9.569 9.067 8.142 6.362 3.691 5.423 5.285 4.250 4.471 3.550 5 .141 5.042 4.242 
8.145 8.251 6.258 8.290 2.797 4.459 4.344 3.943 3.170 5.057 3.418 4.261 
6.299 5.313 4.559 2.432 3.179 3.486 8.490 2.891 3.454 6.581 5.048 2.895 
6.349 7.167 6.047 8.162 4.522 3.979 6.746 4.059 4.183 3.236 3.022 
3.754 3.712 3.930 9.765 5.646 
2.941 
7.591 8.161 6.440 6.404 4.167 4.396 3.958 6.496 3.859 3.391 5.241 5.302 4.013 
1.574 0.953 1.205 1.866 2.305 0.923 0.804 2.131 0.584 0.198 0.993 2.640 1 .119 
0.787 0.550 0.602 1.077 1.031 0.462 0.328 1.230 0.261 0.114 0.497 1 .181 0.501 
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Appendix G: Transect Data 
This transect was conducted on the 4 February 1997 and consisted of 13 stations 
distributed from the coastal waters adjacent to Paterson Inlet to the upper reaches of Big Glory 
Bay. The location of the station sites is shown by Figure 2.3. The temperature, salinity and 
density data presented in Figures 1 to 13 was collected using a CTD profiler. Nutrient: data is 
listed in five separate tables for each nutrient species measured. 
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Temperature (deg C) Salinity (PSU) Densify (kg/mA3) 
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Figure 1: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 1, 4 Febrnary 1997. 
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Figure 2: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 2, 4 Febrnary 1997. 
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Figure 3: Temperature, _salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 3, 4 February 1997. 
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Figure 4: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 4, 4 February 1997. 
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Figure 5: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 5, 4 February 1997. 
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Figure 6: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 6, 4 February 1997. 
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Temperature (deg C) Salinity (PSU) Density (kg/m"3) 
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Figure 7: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 7, 4 February 1997. 
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Figure 8: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 8, 4 February 1997. 
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Temperature (deg C) Salinity (PSU) Density (kg/m/\3) 
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Figure 9: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 9, 4 February 1997. 
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Figure 10: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 10, 4 February 1997. 
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Figure 11: Temperature, salinity and density data for a transect surveyed from coastal waters 
adjacent to Paterson Inlet to Big Glory Bay, at Station 11, 4 February 1997. 
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Figure 12: Temperature, salinity and density data for a transect surveyed from coastal waters 
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Figure 13: Temperature, salinity and density data for a transect surveyed from coastal waters 



















Table 1: Summary ofDRP data from the transect conducted on 4 February 1997 (Units= µmol-(P)/1). 
Depth 1 2 3 4 5 6 7 8 9 10 
( m) 
0 0.645 0.665 0.500 0.570 0.550 0.495 0.559 0.532 0.378 0.420 
5 0.483 0.584 0.600 0.547 0.436 0.567 0.541 0.528 
-10 0.580 0.367 0.577 0.369 0.573 0.552 0.563 0.699 0.474 0.419 
1 5 0.350 0.571 0.466 0.591 0.410 0.430 
20 0.542 0.680 0.552 0.601 0.329 0.620 0.541 0.642 
25 0.607 0.392 0.643 0.705 0.991 
30 0.636 0.372 0.739 
40 0.675 
A\X3. 0.610 0.587 0.520 0.505 0.515 0.541 0.499 0.636 0.556 0.488 
STOEY 0.060 0.148 0.050 0.115 0.105 0.032 0.112 0.079 0.223 0.098 




1 1 1 2 13 
0.259 0.406 0.544 





0.538 0.600 0.516 
0.153 0.179 0.041 
















Table 2: Summary of TP data from the transect conducted on 4 February 1997 (Units= µmol-(P)/1). 
Depth 1 2 3 4 5 6 7 8 9 1 0 
( m) 
0 0.123 0.473 0.179 0.533 0.762 0.232 0.197 0.122 0.057 0.000 
5 0.151 0.080 0.055 0.106 0.446 0.434 0.325 
1 0 0.211 0.149 0.392 0.208 0.165 0.157 0.137 0.360 0.453 0.300 
1 5 0.294 0.235 0.268 0.807 0.355 0.873 
20 0.241 0.136 0.273 0.186 0.444 0.533 0.455 
25 0.229 0.565 0.349 0.561 
30 0.134 0.103 0.262 
40 0.158 
A\13 0.183 0.223 0.241 0.229 0.197 0.170 0.243 0.399 0.399 . 0.390 
SIDEV 0.053 0.167 0.132 0.190 0.297 0.084 0.167 0.212 0.183 0.317 




1 1 12 1 3 
0.224 0.180 0.381 
0.079 0.061 0.362 
0.393 0.177 
0.553 · 0.107 
0.284 0.334 
0.234 
0.295 0.172 0.371 
0.162 0.103 0.013 

















Table 3: Summary of nitrite data from the transect conducted on 4 February 1997 (Units= µmol-(N)/1). 
Depth 1 2 3 4 5 6 7 8 9 1 0 
.( m) 
0 0.138 0.109 0.318 0.185 0.229 0.179 0.176 0.1 S5 0.0.69 0.152 
5 0.184 0.165 0.152 0.166 0.101 0.190 0.109 0.070 
1 0 0.220 0.234 0.222 0.295 0.164 0.195 0.146 0.123 0.126 0.190 
1 5 0.176 0.188 0.129 0.133 0.093 0.236 
20 0.228 0.329 0.184 0.209 0.044 0.192 0.092 0.130 
25 0.170 0.166 0.053 0.212 0.241 
30 0.294 0.102 0.150 
40 0.273 
A'vG 0.215 0.241 0.242 0.196 0.170 0.182 0.108 0.162 0.122 0.156 
STDEV 0.056 0.097 0.069 0.049 0.045 0.012 0.053 0,035 0.061 0.063 




1 1 1 2 1 3 
0.133 0.120 0.231 





0.179 0.130 0.180 
0.110 0.035 0.072 


























































5 6 7 8 9 1 0 
1.424 0.756 1.009 0.189 0.109 0.807 
1.411 1.025 0.971 0.380 0.920 0.391 
1.388 0.847 1.389 0.835 1.162 0.402 
1.243 0.945 0.312 0.429 0.663 
0.641 1.716 0.707 0.962 
2.159 3.400 2.126 3.253 
2.480 2.930 
4.266 0.968 1.393 1.213 1.097 0.645 
6.126 0.215 1.012 1.059 1.119 0.250 




1 1 1 2 1 3 
0.095 0.155 0.256 





0.773 0.848 0.185 
0.767 0.645 0.100 


















Table 5: Summary of TN data from the transect conducted on 4 February 1997 (Units = µmol-(N)/1). 
Depth 1 2 3 4 5 6 7 8 9 1 0 
( m) 
0 7.705 8.382 6.687 5.66 7.883 7.508 8.144 7.389 6.707 5.904 
5 5.766 4.857 6.568 8.463 6.156 10.436 8.483 6.764 
1 0 6.342 6.143 3.057 7.099 4.998 6.064 9.513 8.41 7.535 8.66 
1 5 6.353 7.739 6.166 7.774 7.568 9.015 
20 6.205 10.1 4.888 5.924 6.577 7.051 7.265 8.567 
25 5.995 6.798 6.33 7 .112 9.531 
30 8.079 6.312 7.042 
40 7.248 
A'vG. 6.875 8.176 5.17 5.809 6.414 7.443 7.148 7.888 7.848 7.782 
STDEV 0.721 1.622 1.887 0.868 0.958 1.005 1.38 1.228 1.006 1.367 




1 1 1 2 1 3 
7.764 6.96 10.099 
7.567 6.722 8.463 
7.22 7.859 
7 .148 8.756 
6.161 7.985 
7.956 
7.303 7.656 9.281 
0.639 0.824 1 .157 
0.261 0.369 0.818 
Appendix H Wind Observations 
Appendix H: Wind Observations 
Table 1: Daily wind observations for Halfmoon Bay at 09:00 hours for August 1996, 
September 1997, January 1997 and February 1997. Data collected by the Halfmoon 
Bay Primary School for the National Institute of Water and Atmospheric Research 
Limited (Direction relative to 0 N). 
August 1996 September 1996 January 1997 February 1997 
Date Direction Beaufort Direction Beaufort Direction Beaufort Direction Beaufort 
1 0 0 320 5 40 2 230 1 
2 0 {\ 160 7 270 3 0 0 V 
3 270 1 50 6 0 0 30 4 
4 340 2 340 0 220 3 50 6 
5 360 1 130 0 220 2 90 1 
6 36 1 0 0 220 4 40 2 
7 29 2 140 0 40 1 250 3 
8 90 3 340 1 40 1 280 2 
9 110 3 0 0 220 1 0 0 
10 50 1 290 4 0 0 10 1 
11 270 1 0 0 110 2 140 0 
12 50 0 130 3 160 0 
13 320 1 0 0 220 2 140 0 
14 0 0 340 5 150 2 290 2 
15 220 4 0 0 320 1 200 0 
16 290 3 320 4 320 2 300 1 
17 0 0 340 6 320 1 0 0 
18 0 0 250 4 0 0 270 0 
19 20 2 0 0 220 4 290 3 
20 ] ] 0 4 0 0 220 2 40 1 
21 290 1 0 0 220 3 0 0 
22 290 1 0 0 220 6 0 0 
23 290 2 110 1 320 1 0 1 
24 340 2 50 1 310 3 ·~ ·~ 20 3 
25 320 1 110 0 210 2 300 6 
26 320 0 29 0 230 2 340 3 
27 0 1 0 0 90 3 320 1 
28 230 2 220 1 0 1 
29 20 3 220 2 
30 220 2 340 0 220 1 
31 30 3 90 3 
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